An investigation of aiming point strategies for field artillery against area targets by Petersen, Lawrence Carl
AN I N V E S T I G A T I O N O F A I M I N G P O I N T S T R A T E G I E S F O R 
F I E L D A R T I L L E R Y A G A I N S T A R E A T A R G E T S 
A T H E S I S 
P R E S E N T E D T O 
T H E F A C U L T Y O F T H E D I V I S I O N O F G R A D U A T E S T U D I E S 
By 
L A W R E N C E C A R L P E T E R S E N 
I N P A R T I A L F U L F I L L M E N T 
O F T H E R E Q U I R E M E N T S F O R T H E D E G R E E 
M A S T E R O F S C I E N C E I N O P E R A T I O N S R E S E A R C H 
G E O R G I A I N S T I T U T E O F T E C H N O L O G Y 
J U N E , 1 9 7 8 
INVESTIGATION OF AIMING POINT STRATEGIES FOR 
FIELD ARTILLERY AGAINST AREA TARGETS 
Approved: 
Dougl&i C Montgome&fy, Chairman 
L e s l i e G. Cal lahan 
' \ r-—: — ' rrv[^rpvyvrm —~ 
Harrison M. Wadsworth 
Date approved by Chairman 
ACKNOWLEDGMENTS 
I would like to express my appreciation to Dr. Douglas 
C. Montgomery who served as my advisor and provided much 
assistance and guidance throughout this research. I am also 
grateful to the other members of the reading committee, Dr. 
Leslie G. Callahan and Dr. Harrison M. Wadsworth. Their 
suggestions and observations have greatly improved this thesis. 
I wish to thank Mr. Keith Myers and the U.S. Army 
Materiel Systems Analysis Activity for sponsoring the research; 
as well as Mr. Lonnie Minton of the Material Development Team, 
USAFAS, Fort Sill; Captain Allen Young of the TACFIRE Branch, 
Department of Combat Development, USAFAS, Fort Sill; and Mr. 
Merlyn Smith, BCS Technical Consultant for the Norden Division 
of United Technologies, for their valuable assistance. 
My most special thanks go to my wife, Barbara, for 
her patience, encouragement, and understanding during this 
research. 
i i i 
TABLE OF CONTENTS 
Page 
ACKNOWLEDGMENTS i i 
LIST OF TABLES v 
LIST OF ILLUSTRATIONS v i 
SUMMARY v i i i 
Chapter 
I . INTRODUCTION 1 
Descr ip t ion of the Problem 
Objec t ive of the Research 
Scope of the Research 
I I . LITERATURE REVIEW 6 
The Coverage Problems 
Models 
I I I . ARTILLERY BACKGROUND 1 2 
Mission 
P a r a l l e l Sheaf 
Terrain Gun Pos i t i on Correct ions 
Spec ia l Correct ions 
FADAC and TACFIRE 
Battery Computer System 
Damage C r i t e r i o n 
IV. THE COMPUTER MODEL 28 
Snow's Quickie 
Modi f i ca t ion to the Model 
V. PROCEDURE 3 2 
General 
T a c t i c a l Scenario 
Observed V a r i a b l e s 
Aiming Point Patterns 
iv 
Page 




A. INPUT PARAMETERS 9 2 
B. OUTPUT DATA 97 
C. COMPUTER PROGRAM ^ 
BIBLIOGRAPHY 2 0 5 
V I . RESULTS AND DISCUSSION 5 1 
General 
Six Gun Battery 
Four Gun Battery 
Two Gun Battery 
Var iab le Aiming Point S trategy 
Comparison of S t r a t e g i e s 
S e n s i t i v i t y 
V 
LIST OF TABLES 
Table Page 
1 . Sheaf Widths 19 
2 . Prec i s ion Errors for 155 mm:Howitzer ^ - M 
3 . Met Plus VE Mean Point of Impact Error for 
155 mm Howitzer k2 
4. De l ivery Errors for Hypothet ica l Weapon System . . kj 
5. Expected Coverage for D i f f erent Values of d-, 
and d 2 1. . . . 53 
6 . Parameters for d^ Equat ions , Six Guns 6L 
7. d^ Equation Parameters at 4 , 0 0 0 Meter Range . . . . 6 3 
8 . Parameters for d^ Equat ions , Six Guns 65 
9 . Comparison of S t r a t e g i e s 8 3 
1 0 . Sample Data for Change in Target Location Error . . 85 
1 1 . Sample Date for Change in Lethal Area 87 
v i 
LIST OF ILLUSTRATIONS 
Figure Page 
1 . E f f e c t i v e Burst Width l4 
2 . Lazy W Formation, P a r a l l e l Sheaf, Open Sheaf . . . 1 5 
3. Converged Sheaf l6 
4. Spec ia l Sheaf 1 8 
5 . TGPC Transfer Limits 21 
6. C a l l for F ire With BCS 24 
7 . BCS Aiming Point Strategy 2 5 
8 . Target Shapes Defined by Length to Width Ratio . . 3 8 
9 . Aiming Point Patterns for Six Gun Bat tery , 
Page One 4 5 
1 0 . Aiming Point Patterns for Six Gun Bat t ery , 
Page Two 46 
1 1 . Aiming Point Patterns for Four Gun Battery . . . . 4 9 
1 2 . Aiming Point Patterns for Two Gun Battery 5 0 
13- Pattern Comparison for Six Gun Bat t ery , 
Page One 5 6 
1 4 . Pattern Comparison for Six Gun B a t t e r y , 
Page Two . . 5 7 
1 5 . Pattern Comparison for Six Gun Bat tery , 
Page Three 5 8 
1 6 . Re la t ionsh ip Between d, and Target Length for 
Six Gun Battery 5 9 
1 7 . Re la t ionsh ip Between dp and Target Width for 
Six Gun Battery 64 
v i i 
Page 
1 8 . Pattern Comparison for Four Gun B a t t e r y , 
Page One 6 7 
1 9 . Pattern Comparison for Four Gun B a t t e r y , 
Page Two 6 8 
20 . Pattern Comparison for Four Gun B a t t e r y , 
Page Three 6 9 
2 1 . Re la t ionsh ip Between d, and Target Length for 
Four Gun Battery 71 
2 2 . Re la t ionsh ip Between d^ and Target Width for 
Four Gun Battery 7 2 
2 3 . Pattern Comparison for Two Gun B a t t e r y , 
Page One 7 5 
2 4 . Pattern Comparison for Two Gun B a t t e r y , 
Page Two 7 6 
2 5 . Patterns For Var iab le Aiming Point Strategy . . . . 7 8 
v i i i 
SUMMARY 
In t h i s study an optimal aiming point s t ra tegy i s 
sought for the a t tack of rec tangular area t a r g e t s with f i e l d 
a r t i l l e r y weapons f i r i n g conventional high exp los ive p r o j e c ­
t i l e s , assuming the c a p a b i l i t y of applying ind iv idua l f i r i n g 
data to each weapon. A d e t e r m i n i s t i c computer s imulat ion 
model i s used to t e s t a number of aiming point pat terns for 
two, four and six gun batteries, firing single volleys at each 
of ninety t a r g e t s def ined over a range of targe t c o n d i t i o n s . 
The r e s u l t s for each pat tern are compared in terms of expected 
f r a c t i o n a l damage to the t a r g e t . Included in the t e s t e d p a t ­
terns are the standard Lazy W Aiming Point Pattern and a 
rectangular pat tern which has been proposed for the Battery 
Computer System (BCS). 
An aiming point s t ra tegy i s proposed for which the 
spacing between aiming po ints in both range and d e f l e c t i o n 
d i r e c t i o n s are allowed to vary with changes in the t a r g e t s 
s i z e and shape and with changes in d e l i v e r y error parameters. 
This "Variable Aiming Point S tra tegy"i s def ined by a set of 
simple mathematical models . The V a r i a b l e Aiming Point Strategy 
i s found to achieve expected f r a c t i o n a l t a r g e t damage improve­
ments of more than three times that of the Lazy W Pattern and 
up to approximately twenty percent above that of the aiming 





Descr ipt ion of the Problem 
When a t tack ing an area targe t with f i e l d a r t i l l e r y 
weapons, the objec t i s to i n f l i c t the maximum number of 
c a s u a l t i e s or amount of damage to mater ia l (maximum targe t 
coverage) p o s s i b l e , g iven the number of rounds f i r e d . I f 
the dimensions and l o c a t i o n of the t a r g e t were p r e c i s e l y 
known, i f the targe t elements were uniformly d i s t r i b u t e d in 
the t a r g e t area , and i f the p r o j e c t i l e s could be f i r e d with 
p e r f e c t accuracy, then the des ired maximum coverage could 
probably be achieved by f i r i n g at po ints which were in some 
way uniformly d i s t r i b u t e d throughout the t a r g e t . Such a 
set of uniformly d i s t r i b u t e d points could be re ferred to as 
an optimal set of impact p o i n t s . Unfortunate ly , due to d e ­
l i v e r y e r r o r s , a r t i l l e r y p r o j e c t i l e s do not impact p r e c i s e l y 
on the point at which they are aimed. Using expected targe t 
coverage as a measure of e f f e c t i v e n e s s , the optimal set of 
aiming points f or a given s i t u a t i o n ( i . e . t arge t and set 
of error d i s t r i b u t i o n s ) would be those aiming points which 
would r e s u l t in the maximum coverage of the t a r g e t . For a 
given s i t u a t i o n these optimal aiming points are not neces ­
s a r i l y the same as the optimal impact po ints def ined above. 
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In f a c t , they are of ten s t r i k i n g l y d i f f e r e n t . 
Because of the requirements for t imely f i r e support 
in combat, any aiming point s t ra tegy which required that 
separate f i r i n g data be computed for each howitzer has in 
the past been i n f e a s i b l e . Except f o r very s p e c i a l c a s e s , a 
p a r a l l e l sheaf procedure, with a "Lazy W" aiming point p a t ­
t e r n , augmented in recent years with "terra in gun p o s i t i o n 
c o r r e c t i o n s , " has been used to a t t a c k area t a r g e t s . These 
methods are descr ibed in Chapter I I I . Current computer 
technology , however, and in p a r t i c u l a r the development of 
the Battery Computer System (BCS), w i l l soon make ind iv idua l 
targe t ing of each weapon a f e a s i b l e r e a l i t y . A f u l l e r under-
tanding of the r e l a t i o n s h i p between aiming p o i n t s , error 
f a c t o r s , and targe t coverage w i l l enable the Army to take 
f u l l e r advantage of systems such as the BCS. 
The m i l i t a r y n e c e s s i t y for using our advanced t ech ­
nology to opt imize our weapons systems i s c l e a r l y i l l u s -
s t r a t e d by a b r i e f comparison of the opposing forces in 
cen tra l Europe (NATO v s . WARSAW PACT). In an a r t i c l e on 
force m u l t i p l i e r s , published l a s t June, i t was est imated 
that we are "outnumbered about 1 .4 to one in manpower, at 
l e a s t three to one in tanks , three to one in a r t i l l e r y , 
and two to one in t a c t i c a l a i r c r a f t " [ 3 1 ] . Since the 
United S ta tes has no monopoly on technology , i t w i l l be 
i n c r e a s i n g l y d i f f i c u l t to maintain a technology - i n t e n s i v e 
force s tructure capable of overcoming t h i s out-manned, 
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out-gunned s i t u a t i o n in Europe. So, while economic 
cons iderat ions make the development of an optimal aiming 
point s t ra tegy d e s i r a b l e , the p o t e n t i a l m i l i t a r y threat 
posed by the Soviet Union makes i t imperat ive . 
Objec t ive of The Research 
The o b j e c t i v e of t h i s research i s to develop and 
demonstrate a procedure for determining an aiming point 
s t ra tegy which w i l l produce optimal targe t e f f e c t s in terms 
of expected f r a c t i o n a l t arge t coverage. 
Several aiming point s t r a t e g i e s which could be used 
to a t tack area t a r g e t s of var ious s i z e and shape, across a 
range of error parameters, by various s i z e a r t i l l e r y b a t ­
t e r i e s were i n v e s t i g a t e d . A v a r i a b l e aiming point s t ra tegy 
was then designed to cover the range of circumstances i n ­
v e s t i g a t e d . This s t ra tegy i s in the form of a mathematical 
model which can be r e a d i l y programmed into a computer system 
such as the BCS, and which w i l l produce a se t of optimal or 
near optimal aiming points for the a t tack of a targe t s i t u a ­
t ion def ined by a set of input parameters. Using computer 
s imula t ion , a comparison of s t r a t e g i e s has shown that the 
v a r i a b l e aiming point s t ra tegy w i l l achieve expected f r a c ­
t i o n a l t a r g e t coverage which ranges to more than three 
times that of the Lazy W p a r a l l e l sheaf and to nearly 20% 
above that of the aiming point s t ra tegy which has been 
proposed for the Battery Computer System. These r e s u l t s 
apply only within the l i m i t s of target s i t u a t i o n s def ined 
B Y T H E S C O P E O F T H E S T U D Y . 
S C O P E F O R T H E R E S E A R C H 
T H E R E S E A R C H WAS C O N D U C T E D F O R A H Y P O T H E T I C A L M E D I U M 
H O W I T Z E R , W I T H C H A R A C T E R I S T I C S S I M I L A R T O T H E U . S . A R M Y ' S 
1 5 5 MM, M 1 0 9 A 1 , S E L F - P R O P E L L E D H O W I T Z E R . T W O , F O U R , AND S I X 
GUN B A T T E R I E S W E R E S I M U L A T E D , F I R I N G M I S S I O N S O F O N E V O L L E Y 
O F H I G H E X P L O S I V E P R O J E C T I L E S . S I N C E L E T H A L A R E A D A T A F O R 
S P E C I F I C T Y P E S O F T A R G E T S A R E C L A S S I F I E D , A H Y P O T H E T I C A L 
S O F T T A R G E T WAS S I M U L A T E D W I T H A L E T H A L A R E A O F 6 0 0 S Q U A R E 
meters. Target L O C A T I O N E R R O R WAS assumed to be zero. 
A L L T A R G E T S U S E D I N T H E S T U D Y A R E R E C T A N G U L A R W I T H 
O N E D I M E N S I O N R U N N I N G P A R A L L E L T O T H E D I R E C T I O N O F F I R E . 
T H R O U G H O U T T H I S R E P O R T T H E L E N G T H O F T H E T A R G E T R E F E R S T O 
T H E R A N G E D I M E N S I O N O F T H E T A R G E T OR T H E D I M E N S I O N P A R A L L E L 
T O T H E D I R E C T I O N O F F I R E . T H E W I D T H O F T H E T A R G E T R E F E R S 
T O T H E D E F L E C T I O N D I M E N S I O N OR T H E D I M E N S I O N P E R P E N D I C U L A R 
T O T H E D I R E C T I O N O F F I R E . T A R G E T S R A N G E I N S I Z E F R O M 5 , 0 0 0 
T O 2 0 , 0 0 0 S Q U A R E M E T E R S F O R T H E S I X GUN B A T T E R Y AND F R O M 
2 , 5 0 0 T O 1 0 , 0 0 0 S Q U A R E M E T E R S F O R T H E F O U R AND TWO GUN B A T ­
T E R I E S . T H E S H A P E O F T H E T A R G E T S A R E E X P R E S S E D A S A R A T I O 
O F T A R G E T L E N G T H T O T A R G E T W I D T H A N D R A N G E F R O M 0 . 2 0 T O 5 . 0 0 . 
D E L I V E R Y E R R O R D I S T R I B U T I O N S , F O R B O T H P R E C I S I O N 
E R R O R AND M E A N P O I N T O F I M P A C T E R R O R , A R E C O N S I D E R E D T O B E 
F U N C T I O N S O F R A N G E ; AND R A N G E S O F 4 , 0 0 0 M E T E R S T O 1 2 , 0 0 0 
M E T E R S A R E C O N S I D E R E D . S I N C E D E L I V E R Y E R R O R D I S T R I B U T I O N S 
V A R Y W I T H A N G L E O F F A L L AND T H U S W I T H T H E P O W D E R C H A R G E 
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f i r e d , preference was given to charges with the l e a s t 
probable error in range, from the charge s e l e c t i o n t a b l e 
on page LXI of the f i r i n g t a b l e s for the M 1 0 9 howitzer . 
Further d i s c u s s i o n of the d e l i v e r y error d i s t r i b u t i o n s 
used can be found in Chapter V. 
Eleven aiming point pat terns were def ined for i n v e s ­
t i g a t i o n of the s ix gun b a t t e r y , in add i t ion to "current 
procedure" s t a t e g i e s which are used for comparison purposes . 
Five pat terns for the four gun and four pat terns for the 
two gun bat tery were a l s o i n v e s t i g a t e d . A l l aiming point 
patterns are descr ibed in Chapter V. 
In addi t ion to studying the v a r i a b l e s within the 
l i m i t s d i scussed above, some points outs ide of these l i m i t s 
were sampled and the r e s u l t s are d iscussed in the s e c t i o n 
on s e n s i t i v i t y in Chapter V I . 
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CHAPTER I I 
LITERATURE REVIEW 
The Coverage Problem 
A review of the l i t e r a t u r e revealed that a great deal 
of research and wri t ing has been done on methods of computing 
expected f r a c t i o n a l damage to be achieved by a r t i l l e r y s h e l l ­
ing , m i s s i l e s and bombs. Procedures have been developed for 
p o i n t , l i n e a r , and area t a r g e t s of r ec tangu lar , c i r c u l a r , and 
e l l i p t i c a l c o n f i g u r a t i o n s . Several reviews of coverage 
problem l i t e r a t u r e are a v a i l a b l e , such as E c k l e r ' s "A Survey 
of Coverage Problems Assoc ia ted with Point and Area Targets" 
[ 2 0 ] , and "A Review of the L i t e r a t u r e on a Class of Coverage 
Problems" by Guenther and Terragno [ 2 3 ] . This t h e s i s bene­
f i t e d from the extens ive l i t e r a t u r e review of e f f e c t i v e n e s s 
s tudies and computer models conducted by Captain Robert M. 
Alexander for h i s Master ' s Thesis at Georgia I n s t i t u t e of 
Technology, June, 1977 3 as we l l as from his personal notes 
which were g r a c i o u s l y provided p r i o r to his departure [ 1 ] . 
Of the l e s s numerous papers dea l ing s p e c i f i c a l l y with 
the quest ion of optimal aiming point s t r a t e g y , the fo l lowing 
are of p a r t i c u l a r i n t e r e s t . 
An a r t i c l e was wr i t ten in 1955 e n t i t l e d , "Optimal 
Ammunition Propert ies for Salvos" by Walsh [ 3 4 ] . A sa lvo 
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i s an a t tack with a l l weapons aimed at the same aiming point 
and f i r e d s imultaneous ly . Walsh presents a method for e v a l ­
uating maximum salvo k i l l p r o b a b i l i t y and the corresponding 
optimum r o u n d - h i t - l o c a t i o n p r o b a b i l i t y d i s t r i b u t i o n . 
In 1968 B a l l i s t i c s Research Laborator ies publ ished 
the paper, "Expected Target Damage for a Salvo of Rounds With 
E l l i p t i c a l Normal De l ivery and Damage Funct ions ," by Grubbs 
[ 2 2 ] . Grubbs obtained a s e r i e s expansion for the expected 
f r a c t i o n of damage to a c i r c u l a r targe t when i t i s assumed 
that a salvo of n rounds i s de l i vered onto the targe t area 
with a non-c i rcu lar normal d i s t r i b u t i o n and the damage func­
t i o n for each round can be represented by a n o n - c i r c u l a r 
exponent ia l square f a l l - o f f law. 
In "Expected Target Damage for Pattern F i r i n g , " [ 6 ] 
Bresse l extended the method introduced by Grubbs to a pat tern 
d i s t r i b u t i o n . He evaluates a n a l y t i c a l l y the damage funct ion 
for a rectangular targe t from a f i r i n g pat tern of n rounds. 
The d e l i v e r y e r r o r s , mean point of impact and p r e c i s i o n e r r o r , 
are both assumed to be non-c i rcu lar normal and the damage 
funct ion i s def ined to be a non-c i rcu lar exponent ia l square 
f a l l - o f f . B r e s s e l ' s r e s u l t s were computat ional ly complex 
and not s u i t a b l e for manual use , but his work was use fu l in 
the l a t e r development of computer models capable of e v a l u a t ­
ing expected coverage for pat tern f i r e . 
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Models 
Several computer s imulat ion models have been developed 
for the purpose of studying the coverage problem. In f a c t , a 
large port ion of the r e l a t e d l i t e r a t u r e invo lves the deve lop­
ment and presenta t ion of models . They range from simple 
e f f e c t i v e n e s s models that have been developed for programmable 
pocket c a l c u l a t o r s [ 1 2 ] to d e t a i l e d models such as "FAST-VAL: 
Target Coverage Model ," developed by the Rand Corporation with 
such lengthy computer run time requirements as to render i t s 
use undes irable for s tudies such as t h i s one [ 3 2 ] . 
In 1 9 6 3 , the Operations Evaluation Group, Center for 
Naval A n a l y s i s , presented the Weapons Pattern E f f e c t i v e n e s s 
Model by Westlund and Depoy [ 3 5 ] - This model employs a 
Monte Carlo technique to obtain the p r o b a b i l i t i e s of at l e a s t 
any given number of operable h i t s on a rec tangular t a r g e t . 
The most d e s i r a b l e c h a r a c t e r i s t i c of t h i s model i s i t s capa­
b i l i t y of analyz ing rectangular t a r g e t s with ne i ther ax i s 
p a r a l l e l to the d i r e c t i o n of f i r e . Unfortunate ly , the out ­
put ( p r o b a b i l i t y of a given number of h i t s ) cannot be 
t r a n s l a t e d into f r a c i t o n a l damage. 
A study prepared by Kasper [ 2 6 ] in 1 9 6 7 produced a 
mathematical model and computer program that could be used 
to determine f r a c t i o n of c a s u a l t i e s caused by f i r i n g rounds 
at d i f f e r e n t aiming points in an area t a r g e t . This model 
employs a "hit p r o b a b i l i t y d i s t r i b u t i o n " and does not d i s ­
t ingu i sh between p r e c i s i o n error and mean point of impact 
e r r o r . 
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Breaux presented a method for computing expected 
f r a c t i o n a l k i l l of a c i r c u l a r t a r g e t in 1 9 6 7 , [ 4 ] fo l lowed 
in 1 9 6 8 by a method for handling the more general case of 
an e l l i p t i c a l t a r g e t , invo lv ing both round to round 
( p r e c i s i o n ) and occas ion to occas ion (mean point of impact) 
errors by Breaux and Mohler [ 5 1 • This method employs 
Jacobi polynomials to overcome the computational d i f f i c u l t i e s 
encountered when the number of rounds f i r e d i s l a r g e . Both 
procedures s imulate a sa lvo of area damaging rounds a l l aimed 
at the same aiming p o i n t . A model by Hess , presented in 1 9 6 8 , 
i s a l s o l imi ted to sa lvo f i r e [ 2 4 ] . 
Oman developed a method for evaluat ing coverage func­
t i o n s for the Rand Corporation in 1 9 7 0 [ 3 0 ] . This model 
employs PORMAC, an IBM symbolic mathematical compi ler , and 
the paper was wr i t ten to demonstrate how PORMAC could be used 
to apply a cumbersome mathematical approach to a r e a l world 
problem. In the model Oman expressed the p r o b a b i l i t y of 
des t ruc t ion in terms of a set of mul t ip l e i n t e g r a t i o n s whose 
i n i t i a l integrands contain d i s t r i b u t i o n s r e l a t i n g to the 
weapon and the t a r g e t . 
Two models were found in the l i t e r a t u r e which were 
considered s u i t a b l e for t h i s research . These are the BDM 
Services Company's "The KABOOM Firepower Model ," by Porter 
and Hyams, [ 3 ] and Rand Corporat ion's "A S impl i f i ed Weapons 
Evaluat ion Model ," by Snow and Ryan [ 3 3 ] . The BDM Model 
uses a Monte Carlo process to generate random draws and 
10 
var i e s the d i s t r i b u t i o n errors used to descr ibe the p r e c i ­
s ion and mean point of impact error d e v i a t i o n . Targets 
and damage funct ions are both assumed to be c i r c u l a r . The 
output of the model i s the p r o b a b i l i t y of a k i l l based on 
rounds-on- target and the mean and variance of the p r o b a b i l i t y 
of a k i l l for a given s t r a t e g y . 
The Rand Model was wr i t t en for research on the use of 
airpower in support of ground o p e r a t i o n s . I t was modified 
for a f i e l d a r t i l l e r y a p p l i c a t i o n by John Bloomquist of the 
U. S. Army Mater i e l Systems Analys i s A c t i v i t y (AMSAA). The 
a r t i l l e r y vers ion i s c a l l e d "SNOW'S QUICKIE." This i s a 
d e t e r m i n i s t i c model for a t tach ing rectangular t a r g e t s and 
the output i s expected f r a c t i o n a l coverage. 
SNOW'S QUICKIE was recommended by AMSAA, the sponsor 
for t h i s research,and i s current ly being used for weapons 
e f f e c t i v e n e s s s tudies by the D i r e c t o r a t e of Combat Develop­
ment, United Stated Army F ie ld A r t i l l e r y School at Fort S i l l , 
Oklahoma. This model was s e l ec t ed for use in t h i s study for 
severa l reasons . While the BDM model i s l imi t ed to c i r c u l a r 
t a r g e t s , SNOW' QUICKIE i s designed for the eva luat ion of 
rec tangular t a r g e t s , which al lows for the d e s c r i p t i o n of a 
wider v a r i e t y of targer shapes. I t employs a gaussian 
damage funct ion which i s e l l i p t i c in that p r o b a b i l i t y con­
tours are a l l e l l i p s e s with the same e c c e n t r i c i t y . This i s 
more cons i s t en t with other a r t i l l e r y research than i s the 
c i r c u l a r damage funct ion used in the BDM model. The d e t e r -
1 1 
m i n i s t i c s imulat ion of SNOW'S QUICKIE i s more e f f i c i e n t for 
handling the large number of combinations of targe t s i z e , 
shape, and d e l i v e r y error than a Monte Carlo s imulat ion 
technique would be . And f i n a l l y , the r e s u l t s of SNOW QUICKIE 
are accepted by the F i e l d A r t i l l e r y community as evidenced by 
i t s current use at Fort S i l l . This model i s d i scussed in 
more d e t a i l in Chapter IV. 
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CHAPTER I I I 
ARTILLERY BACKGROUND 
Miss ion 
"The miss ion of the f i e l d a r t i l l e r y i s to provide 
continuous and t imely f i r e support to the force commander 
by des troy ing or n e u t r a l i z i n g , in p r i o r i t y , those t a r g e t s 
that j eopard ize the accomplishment of h i s mission" [ 7 ] . 
That sentence i s one of the keystones to the education of 
every American F ie ld A r t i l l e r y m e n . One of the most c r i t i ­
c a l words in that sentence i s "t imely ." I f a r t i l l e r y 
support i s not de l ivered very rap id ly when i t ' s c a l l e d f o r , 
i t w i l l o f ten be u s e l e s s . When f i r i n g data has to be 
computed by hand i t can be a time consuming bus iness even 
for the best tra ined f i r e d i r e c t i o n center crews. So, in 
order to minimize the required computation t ime , the 
" p a r a l l e l sheaf" procedure,which requires that only one 
set of data be computed, has been used for the a t tack of 
area t a r g e t s . 
P a r a l l e l Sheaf 
A t a r g e t i s covered by f i r e by c o n t r o l l i n g the 
pat tern of burst ( sheaf ) on the t a r g e t . When a bat tery of 
howitzers f i r e s a p a r a l l e l sheaf ( a l l weapons f i r i n g the 
same e l e v a t i o n and d e f l e c t i o n data) the rounds impact in 
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the targe t area in genera l ly the same pattern as the p iece 
displacement in the ba t t ery area . The only data required 
for t h i s procedure i s that necessary for the center weapon 
to h i t the center of the t a r g e t . Coverage of the targe t 
by other weapons (the coverage pat tern) i s determined by 
the way the howitzers are arranged in the ba t t ery area (the 
p iece d i sp lacement . ) E f f e c t i v e burst widths have been 
e s t a b l i s h e d for each c a l i b e r of weapons (See Figure 1) and 
an "open sheaf" i s def ined as a pat tern of burs t s in which 
the l a t e r a l d i s tance between the centers of two adjacent 
burs t s equals one e f f e c t i v e burst width. By emplacing the 
b a t t e r y with one e f f e c t i v e burst width between adjacent 
howitzers and f i r i n g a p a r a l l e l sheaf, the t h e o r e t i c a l 
e f f e c t in the targe t area would be an open sheaf. In order 
to add some depth to the impact p a t t e r n , a common formation 
c a l l e d the "Lazy W" i s f requent ly used. Figure 2 i l l u s t r a t e s 
a bat tery in Lazy W formation f i r i n g a p a r a l l e l sheaf to 
achieve an open sheaf in the target area . Note that the 
s i z e of an " e f f e c t i v e burst width" i s f ixed for a given 
c a l i b e r and does not change with the nature of the t a r g e t . 
Note a l s o , that d e l i v e r y errors are not included in t h i s 
model. 
This method has provided the bas i s for a r t i l l e r y 
f i r i n g for many years . I t should be pointed out that some 
f l e x i b i l i t y i s provided by the "converged sheaf" (Figure 3 ) 
genera l ly used for a t tack ing point t a r g e t s and by the 
105mm 155mm 8 in 175mm 
meters 35 meters 50 meters 80 meters 95 meters 
TNT Comp B TNT or TNT Comp B 
Comp B 
Figure 1. Effective Burst Widths 
k k k 
A 
Figure 2 . Lazy W Formation, Parallel Sheaf, Open Sheaf 
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"spec ia l sheaf" (Figure 4) which involves ind iv idua l data 
for each weapon, ( c a l l e d s p e c i a l c o r r e c t i o n s ) for the very 
s p e c i a l s i t u a t i o n in which i t i s f e a s i b l e to t a i l o r the 
impact pat tern to the s p e c i f i c shape of the targe t [ 8 ] . 
Terrain Gun Pos i t ion Correct ions 
As enemy targe t a c q u i s i t i o n c a p a b i l i t i e s improve, a 
ba t t ery of howitzers emplaced in Lazy W formation on an open 
patch of ground becomes a very l u c r a t i v e t a r g e t . So to en­
hance s u r v i v a b i l i t y i t w i l l be necessary to take maximum 
advantage of the natura l cover and concealment o f f ered by 
the t e r r a i n when p o s i t i o n i n g a r t i l l e r y b a t t e r i e s . For t h i s 
s i t u a t i o n a procedure has been developed which invo lves the 
use of " terra in gun p o s i t i o n correc t ions" (TGPC). TGPC are 
precomputed ind iv idua l p iece correc t ions appl ied to the 
gunner's aid on the panoramic t e l e s c o p e and the c o r r e c t i o n 
counter on the range quadrant of each howitzer . They are 
designed to provide a standard sheaf o n - l i n e at the range 
used to compute the c o r r e c t i o n s . The width of a standard 
sheaf i s smal ler than the width of an open sheaf. This i s 
meant to compensate for the expansion of the impact pat tern 
as the ba t t ery f i r e s at greater ranges than the center range 
of the TGPC s e c t o r . A comparison of the widths of open and 
standard sheafs i s given in Table 1. 
TGPC are most accurate at the range and d i r e c t i o n 
for which they are computed. They are considered v a l i d 
Figure Special Sheaf 
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Table 1 . Sheaf Widths 
Caliber Guns Per Open Sheaf Standard Sheaf 
of Weapon Battery (meters) (meters) 
1 0 5 mm 6 1 5 0 1 0 0 
1 5 5 mm 6 2 5 0 2 0 0 
8 in k 2k0 1 8 0 
1 7 5 mm k 2 8 5 1 8 0 
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within s p e c i f i e d "transfer l i m i t s " (up to 2 , 0 0 0 meters over 
and short of the center range and up to 400 mi ls r i g h t and 
l e f t of the center azimuth of the s e c t o r . ) Since a b a t t e r y ' s 
area of r e s p o n s i b i l i t y may cover an area l arger than that 
within TGPC t r a n s f e r l i m i t s , current doc tr ine c a l l s f or 
computation of three TGPC s e c t o r s . Ranges to the center of 
each sec tor may be d i f f e r e n t and overlapping sec tors for 
d i f f e r e n t charges may b.e necessary . Figure 5 i l l u s t r a t e s 
TGPC t r a n s f e r l i m i t s for three s e c t o r s . TGPC i s said to 
provide "an acceptable e f f e c t on the target" (within t r a n s ­
fer l i m i t s ) , provided the bat tery p o s i t i o n i s located within 
a rec tang le no more than 400 meters wide and 200 meters deep. 
When the bat tery p o s i t i o n s i z e l i m i t a t i o n or the t r a n s f e r 
l i m i t s are v i o l a t e d , current doc tr ine i s to use "spec ia l 
correc t ions" [ 9 ] • 
Spec ia l Correct ions 
Spec ia l c o r r e c t i o n s are ind iv idua l p iece correc t ions 
designed to place the burst from each weapon on a prec i s e 
point on the t a r g e t . Because of the time required to 
compute, communicate, and apply ind iv idua l p iece c o r r e c t i o n s 
for each weapon, t h i s procedure i s reserved for rare c a s e s , 
such as when f i r i n g in c l o s e proximity to f r i e n d l y t r o o p s , 
when f i r i n g at a p r e c i s e l y located point or l i n e a r t a r g e t , 
or when f a s t e r procedures such as a p a r a l l e l sheaf or TGPC 
w i l l not provide e f f e c t i v e r e s u l t s [ 1 6 ] . 
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FADAC and TACFIRE 
In the l a t e 1 9 6 0 ' s f i e l d a r t i l l e r y un i t s began to use 
the Ml8 gun d i r e c t i o n computer FADAC. FADAC i s a s o l i d 
s t a t e , n o n v o l a t i l e , d i g i t a l computer e s p e c i a l l y designed to 
so lve the gunnery problem. Programs for d i f f e r e n t weapon 
systems are fed into FADAC on coded paper tape . In addi t ion 
to so lv ing t r a v e r s e , i n t e r s e c t i o n , and observer o r i e n t a t i o n 
survey problems, FADAC w i l l so lve for the optimal charge, 
d e f l e c t i o n , time of f l i g h t or fuse s e t t i n g , and quadrant 
e l e v a t i o n [ 1 4 ] . Although FADAC improves speed and accuracy 
of computations, the r e s u l t i n g f i r i n g data i s essentially 
the same as that produced by manual methods. With FADAC 
the use of ind iv idua l f i r i n g data for each howitzer s t i l l 
involved severe de lays in the f i r e support and were t h e r e ­
fore s t i l l reserved for s p e c i a l circumstances on ly . 
The f i e l d a r t i l l e r y w i l l move f u l l y in to the computer 
age with the in troduct ion of the T a c t i c a l F ire D i r e c t i o n 
Support System (TACFIRE) which i s current ly being f i e l d 
t e s t ed by the TRADOC Combined Arms Test A c t i v i t y at Fort 
Hood, Texas. TACFIRE i s a computerized f i r e support command 
and contro l system with a wide range of c a p a b i l i t i e s , among 
which are t a c t i c a l and t echn ica l f i r e c o n t r o l . The term 
t a c t i c a l f i r e contro l includes evaluat ing t a r g e t s , s e l e c t i n g 
un i t s to f i r e , , munitions to be used, and volume of f i r e . 
Technical f i r e contro l means the computation of f i r i n g data 
for a s p e c i f i c f i r e miss ion . Af ter computing base p iece 
f i r i n g data , the TACFIRE computer w i l l transmit the data 
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data to the appropriate Battery Display Units (BDU). The 
BDU, located in the ba t t ery f i r e d i r e c t i o n c e n t e r , w i l l be 
a one-way device capable of r e c e i v i n g , decrypt ing , and 
pr in t ing messages from the computer. The f i r i n g data w i l l 
then be sent to the guns using e x i s t i n g procedures , and 
p a r a l l e l sheaf or TGPC type miss ions w i l l be f i r e d [ 1 8 ] . 
Battery Computer System (BCS) 
With an an t i c ipa ted f i e l d i n g date in the 1 9 8 0 to 1 9 8 1 
time frame, the Battery Computer System (BCS) w i l l f i n a l l y 
provide a r e a l i s t i c , f e a s i b l e method of f i r i n g ind iv idua l 
data for each weapon. The BCS, under development for the 
U. S. Army by the Norden D i v i s i o n of United Technologies 
Corporat ion, w i l l rep lace PADAC and the TACPIRE Battery 
Display Unit in the bat tery f i r e d i r e c t i o n center . The BCS 
w i l l i n t e r f a c e with TACPIRE. Normally the TACPIRE computer 
w i l l do the f i r e planning and transmit the base p iece f i r i n g 
data to the BCS. The BCS w i l l r ece ive t h i s data , compute 
ind iv idua l f i r i n g data for each weapon, and transmit the 
appropriate data to each of up to twelve gun d i s p l a y un i t s 
(GDU) located up to 1 , 0 0 0 meters from the BCS. Each GDU 
contains a s ec t ion c h i e f ' s assembly (a small handheld unit 
s i m i l a r to a pocket c a l c u l a t o r , that s tores complete miss ion 
data for the s e c t i o n c h i e f ' s supervis ion and c o n t r o l r e q u i r e ­
ments) and two gun as sembl i e s , which w i l l be mounted on the 
howitzer for easy viewing by the gunner and a s s i s t a n t gunner, 












Figure 7- BCS Aiming Point Strategy 
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BCS w i l l a l s o have the c a p a b i l i t y to compute f i r i n g 
data from a c a l l for f i r e input d i r e c t l y in to the BCS, when 
the ba t t ery i s operat ing independently or when i t cannot 
communicate with the b a t t a l i o n TACFIRE. For t h i s purpose 
the BCS w i l l i n t e r f a c e with the forward observer ' s D i g i t a l 
Message Device (DMD) and the Ground Vehicular Laser Locator 
Designator (GVLLD). These devices w i l l provide d i g i t a l 
transmiss ion of the c a l l f or f i r e and accurate targe t l o c a ­
t i o n from the forward observer to the BCS [ 2 9 ] . The c a l l 
f or f i r e opt ions are i l l u s t r a t e d in Figure 6. 
The proposed aiming point s t ra tegy for four and s ix 
gun b a t t e r i e s aga ins t rectangular t a r g e t s i s i l l u s t r a t e d 
in Figure 7- The s t ra tegy c o n s i s t s of d iv id ing the target 
into a number of subtargets equal to the number of weapons 
being f i r e d and using the center of each subtarget as an 
aiming po in t . The s t r a t e g y w i l l be r e f e r r e d to as the BCS 
aiming point s t ra tegy throughout t h i s report [ 1 7 ] . 
Damage C r i t e r i o n 
A common misconception about a r t i l l e r y i s that a l l or 
nearly a l l of the elements of a targe t must be destroyed 
for the a t tack to be considered a success . To achieve a 
high p r o b a b i l i t y of des troy ing every targe t element for 
even a r e l a t i v e l y small targe t with convent ional high ex­
p l o s i v e p r o j e c t i l e s would require a p r o h i b i t i v e l y l arge 
number of rounds. For tunate ly , the des t ruc t ion of a l l 
t a r g e t elements i s seldom required in combat. FM101-31-1 
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def ines two general l e v e l s of damage which can be used as 
r e a l i s t i c o b j e c t i v e s for a t tacking t a r g e t s with a r t i l l e r y . 
These two l e v e l s are combat d e s t r u c t i o n and combat n e u t r a l ­
i z a t i o n [10]. 
A "destroyed" uni t i s one which has been rendered 
completely combat i n e f f e c t i v e . The l o s s of command f a c i l i ­
t i e s , m a t e r i e l , and many key personnel w i l l require withdrawal 
from a c t i o n , complete r e o r g a n i z a t i o n , replacement of many 
personne l , re supply , and extens ive r e t r a i n i n g . Coverage of 
t h i r t y to f i f t y percent of most combat un i t s i s g e n e r a l l y 
s u f f i c i e n t to destroy the uni t [10]. 
A "neutral ized" uni t i s a uni t which has been 
rendered incapable of i n t e r f e r i n g or p a r t i c i p a t i n g e f f e c t i v e ­
l y in a p a r t i c u l a r t a c t i c a l operat ion . The l o s s of some key 
personne l , command f a c i l i t i e s , and mater i e l should be s u f f i ­
c i e n t l y extens ive to require some l o c a l r e o r g a n i z a t i o n , 
improvisat ion of command and c o n t r o l procedures , minor 
r e p a i r s , and l i m i t e d resupply to make the uni t combat e f f e c ­
t i v e . "Coverage of ten or more percent of a uni t genera l ly 
w i l l be s u f f i c i e n t c r i t e r i o n to consider the uni t n e u t r a l i z e d , 
providing other f a c t o r s are not overpowering" [ 10] . For the 
combat scenario envis ioned for t h i s study (See Cahpter V) 
combat n e u t r a l i z a t i o n ( ten percent expected f r a c t i o n a l targe t 
coverage) would be a r e a l i s t i c o b j e c t i v e for an a r t i l l e r y 
a t t a c k . 
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CHAPTER IV 
THE COMPUTER MODEL 
Snow's Quickie 
The computer s imulat ion model used in t h i s study i s 
SNOW's QUICKIE, a vers ion of Snow's S impl i f i ed Weapons 
Evaluat ion Model modified for an a r t i l l e r y a p p l i c a t i o n . 
O r i g i n a l l y developed by Snow and Ryan for a United States 
Air Force Project at the Rand Corporat ion, the o r i g i n a l 
model was designed to evaluate both fragmentation s e n s i t i v e 
and impact s e n s i t i v e t a r g e t s . The Quickie vers ion r e t a i n s 
the fragmentation s e n s i t i v e a p p l i c a t i o n . The model rep laces 
the empir ica l damage funct ion used in previous models with a 
l e s s time-consuming a n a l y t i c express ion . The r e s u l t i s a 
model which can compute non- l inear weapons evaluat ions with­
out m a t e r i a l l y reducing the accuracy of the answers, in as 
l i t t l e as one hundredth of the computer time prev ious ly 
requ ired . 
The model requires c e r t a i n r e s t r i c t i o n s . The targe t 
must be a rec tangular area targe t (uniform d i s t r i b u t i o n of 
targe t elements in the area) with a gaussian aiming error 
d i s t r i b u t i o n . I t i s necessary that the damage funct ion be 
an a n a l y t i c func t ion , rather than an empir ica l funct ion and 
be i n t e g r a b l e in a c losed form with respec t to the b a l l i s t i c 
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error d i s t r i b u t i o n . Furthermore, the b a l l i s t i c error d i s ­
t r i b u t i o n must be one of three types : gauss ian , uniform, 
or s t i c k type . (A s t i c k d i s t r i b u t i o n descr ibes the b a l l i s t i c 
d i s p e r s i o n of a c l u s t e r of weapons such as bombs from an a i r ­
c r a f t . ) Under these r e s t r i c t i o n s , the coverage computations 
are reduced to a s i n g l e s t a g e , invo lv ing only one double 
i n t e g r a t i o n . The output of the program i s a p a r t i c u l a r value 
of K (expected f r a c t i o n a l coverage) depending on the para­
meters cons idered, such as aiming e r r o r s , b a l l i s t i c e r r o r s , 
spacing between weapons, and weapons e f f e c t i v e n e s s i n d i c e s . 
where D ( x , y ) i s the p r o b a b i l i t y that a t a r g e t element at 
( x , y ) w i l l be damaged to a s p e c i f i e d degree . R ( l ) , R(2) and 
HE A r t i l l e r y P r o j e c t i l e has the value 0.2. The l e t h a l area 
determined e m p i r i c a l l y for each weapon/ target /range/charge 
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conf igurat ion i s R . The damage funct ion used by the a r t i l ­
l e r y i s e l l i p t i c a l with e c c e n t r i c i t y P (2.0 f or the HE 
p r o j e c t i l e ) . R ( l ) and R(2) may be determined from the 
equat ions: 
The damage funct ion i s of the form: 
D are parameters obtained from empir ica l data . D for the 
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R 2 = R(l) R(2) 
and 
P - R ( D 
P " RT2T 
SNOW'S QUICKIE combines target location error and 
MPI error into aiming error t(l) and t(2) in range and 
deflection direction using the equations: 
t(1) = \\ TLE 2 + MPIR 2 
• V t(2) = \l TLE 2 + MPID 2 
The aiming error is assumed to have a noncorrelated bivariate 
normal distribution: 
Prob(x<X,y<y) = J J exp | -
2 2 .x + y 
t 2(l) t 2(2) 
dx dy 
2iTt(l)t(2) 
The ballistic errors are assumed to be independent in range 
and deflection and also to have a bivariate normal distri­
bution. 
The model subdivides the target into small intervals, 
estimates the damage to each subtarget from each weapon 
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according to the error d i s t r i b u t i o n s and damage funct ion 
and then sums the damage and d iv ides by the area of the 
targe t to a r r i v e at an expected f r a c t i o n a l damage [ 3 4 ] . 
Modi f i ca t ions to the Model 
For the purpose of t h i s s tudy, subroutines were added 
to the model to search each of the c o n t r o l parameters for 
each v a r i a b l e pat tern cons idered , using a c y c l i c coordinate 
procedure. At each i t e r a t i o n of the search in each parameter 
"direct ion" an a d d i t i o n a l subroutine (GOLD) was used to c a l ­
c u l a t e the next value f or the parameter according to the 
Golden Sect ion Rule . A f i n a l subroutine (EVAL) was designed 
to route the set of aiming points for each step of the search 
through the main deck of the model to produce and eva luat ion 
in the form of expected f r a c t i o n a l damage to the t a r g e t . 
Termination c r i t e r i o n for each step in the search cons i s t ed 
of an i n t e r v a l of uncerta inty of l e s s than one meter. 
The en t i re model SNOW'S QUICKIE, with a d d i t i o n a l sub­





In t h i s s tudy, a number of aiming point pat terns are 
t e s t e d and compared over a range of targe t condi t ions in 
order to determine the most e f f e c t i v e aiming point s t ra tegy 
f o r the a t tack of area t a r g e t s with two, f o u r , and s ix gun 
b a t t e r i e s of conventional f i e l d a r t i l l e r y . Although an ex­
perimental approach i s used, the measure of e f f e c t i v e n e s s 
(expected f r a c t i o n a l damage to the t a r g e t ) i s determined 
d i r e c t l y with a d e t e r m i n i s t i c computer s imulat ion model, 
SNOW'S QUICKIE, rather than by the ac tua l f i r i n g of howitzers 
The primary f a c t o r s considered were targer s i z e and 
shape, range to targe t (which represents the various d e l i v e r y 
error d i s t r i b u t i o n s ) and the aiming point p a t t e r n s . The term 
"target mission" i s used to r e f e r to a s p e c i f i c se t of t a r g e t 
condi t ions inc luding the range from which the targe t i s a t ­
tacked as wel l as the t a r g e t ' s s i z e and shape. Ninety targe t 
miss ions were def ined for each ba t t ery s i z e as combinations 
of three ranges , three targe t s i z e s , and ten targe t shapes. 
Each aiming point pat tern was t e s t e d on a l l n inety targe t 
miss ions and the r e s u l t s were compared to determine which 
pat tern i s most e f f e c t i v e for each ba t t ery s i z e . Since the 
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dominant aiming p o i n t - p a t t e r n i s v a r i a b l e (the spacing 
between aiming points var ie s as the miss ion parameters vary) 
equations were found which approximate the r e l a t i o n s h i p s 
between targe t miss ion parameters and the spacing between 
aiming points in the p a t t e r n . These equations form the b a s i s 
for the v a r i a b l e aiming point s t r a t e g y . A f t e r a b r i e f d i s ­
cussion of the t a c t i c a l scenario upon which the study i s 
based, a d e t a i l e d account of the treatment of a l l t arge t 
v a r i a b l e s i s g iven , fo l lowed by a d e s c r i p t i o n of the aiming 
point pat terns t e s t e d . 
a t tack ing across Central Europe on a broad f r o n t . NATO uni t s 
are engaged in a de lay ing a c t i o n as s t r a t e g i c forces are 
being mobi l ized in the U. S. Neither s ide has i n i t i a t e d the 
use of t a c t i c a l nuclear weapons, but in a n t i c i p a t i o n of our 
doing s o , the Sov ie t s are maintaining a d ispersed a t tack 
formation over one hundred ki lometers in depth and are moving 
forward in uni t s of b a t t a l i o n s i z e and s m a l l e r . Target a c ­
q u i s i t i o n i s not a problem. Forward observer teams, equipped 
with a Ground Veh ic l e Laser Locator Designator (GVLLD) and 
the D i g i t a l Message Device (DMD) are providing f r i e n d l y 
a r t i l l e r y un i t s with a mult i tude of sma l l , non-pers i s t en t 
t a r g e t s of opportuni ty . Locat ion , s i z e , shape, and o r i e n t a ­
t i o n of these t a r g e t s are being reported with "nearest meter" 
T a c t i c a l Scenario 
Sometime in the ear ly 1 9 8 0 f s S ov i e t ground forces are 
3^ 
accuracy. A r t i l l e r y uni t s have been d i rec ted to n e u t r a l i z e 
leading edge Soviet t a r g e t s to generate command and contro l 
problems for the enemy and help to slow the momentum of the 
advance. Ammunition economy i s c r i t i c a l . 
Under circumstances such as those descr ibed above, i t 
would be reasonable to f i r e s i n g l e ba t t ery v o l l e y s at each 
targe t as i t i s r epor ted . Combat n e u t r a l i z a t i o n of t a r g e t s , 
as d i scussed in Chapter I I I ( ten percent expected f r a c t i o n a l 
t arge t coverage) would adequately meet t a c t i c a l requirements . 
The d e c i s i o n to t r e a t v a r i a b l e s , as d i scussed in the next 
s e c t i o n , was made with t h i s t a c t i c a l scenario in mind. 
Observed V a r i a b l e s 
There are severa l v a r i a b l e s which def ine the condi t ions 
for an a r t i l l e r y a t tack which w i l l be re ferred to in t h i s paper 
as "observed v a r i a b l e s . " These observed v a r i a b l e s are s i m i l a r 
to contro l v a r i a b l e s in the sense that they cause a change in 
the response v a r i a b l e as they themselves change in v a l u e . 
They are d i s s i m i l a r to contro l v a r i a b l e s in that they are not 
c o n t r o l l e d by an operator in order to opt imize the response 
v a r i a b l e . Instead they are "forced on the operator" by nature, 
the enemy, or by f a c t o r s beyond his contro l such as l o g i s t i c a l 
c o n s i d e r a t i o n s . Once the observed v a r i a b l e s have defined the 
circumstances for the a t t a c k , the operator should s e l e c t the 
aiming point pat tern to optimize the expected f r a c t i o n a l 
damage to the t a r g e t . The scope of the study i s p a r t i a l l y 
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d e f i n e d by d e c i d i n g which of t h e s e observed v a r i a b l e s a re t o 
be he ld c o n s t a n t and which a re t o be v a r i e d ove r what l e v e l s . 
For t h i s s t u d y , the obse rved v a r i a b l e s were t r e a t e d as f o l l o w s 
Weapon System and Ammunition 
One weapon sys tem and type o f ammunition was s e l e c t e d 
f o r the s t u d y . The s imu la t ed weapon sys tem i s a h y p o t h e t i c a l 
medium h o w i t z e r w i t h c h a r a c t e r i s t i c s s i m i l a r t o the U. S. 
Army's 155mm, M109A1, S e l f P r o p e l l e d H o w i t z e r . The s i m u l a t e d 
ammunition i s s i m i l a r to the M107 c o n v e n t i o n a l h igh e x p l o s i v e 
(HE) 155mm p r o j e c t i l e . 
B a t t e r y S i z e 
Two, f o u r , and s i x gun b a t t e r i e s a r e i n v e s t i g a t e d as 
s e p a r a t e c a s e s , each w i t h i t ' s own s e t o f p a t t e r n o p t i o n s . 
Medium h o w i t z e r s have t r a d i t i o n a l l y been employed i n four 
(8 i n . ) and s i x (155 mm) gun b a t t e r i e s . Two gun b a t t e r i e s 
and two gun f i r e m i s s i o n s from fou r and s i x gun b a t t e r i e s 
have been used e x t e n s i v e l y in c o u n t e r i n s u r g e n c y o p e r a t i o n s 
such as t h o s e i n South Vie tnam. 
Number of V o l l e y s 
Only s i n g l e v o l l e y t i m e - o n - t a r g e t (TOT) m i s s i o n s were 
c o n s i d e r e d . As d i s c u s s e d in the t a c t i c a l s c e n a r i o , t a r g e t s 
of o p p o r t u n i t y a r e each a t t a c k e d by a s i n g l e b a t t e r y v o l l e y . 
Th i s i s i n keep ing w i t h c u r r e n t d o c t r i n e . "The g r e a t e s t 
d e m o r a l i z i n g e f f e c t on the enemy can be a c h i e v e d by d e l i v e r ­
ing a maximum number of rounds from many p i e c e s i n the s h o r t ­
e s t p o s s i b l e t ime and w i t h ad jus tment" [ 8 ] . 
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N A T U R E O F T A R G E T 
A H Y P O T H E T I C A L S O F T T A R G E T I S S I M U L A T E D W I T H A L E T H A L 
A R E A O F 6 0 0 S Q U A R E M E T E R S . F I E L D A R T I L L E R Y , F I R I N G C O N V E N ­
T I O N A L H I G H E X P L O S I V E A M M U N I T I O N , I S M O S T E F F E C T I V E A G A I N S T 
S O F T T A R G E T S . E X A M P L E S O F S O F T T A R G E T S I N C L U D E P E R S O N N E L AND 
S E N S I T I V E E L E C T R O N I C E Q U I P M E N T S U C H A S R A D A R AND M O B I L E M I S ­
S I L E L A U N C H S I T E S E V E N W H E N F I E L D A R T I L L E R Y W E A P O N S A R E 
E M P L O Y E D A G A I N S T H A R D T A R G E T S ( S U C H A S T A N K S ) T H E I R P R I N C I P L E 
E F F E C T I V E N E S S R E S U L T S F R O M T H E P R O D U C T I O N O F C A S U A L I T I E S AMONG 
A C C O M P A N Y I N G I N F A N T R Y AND F R O M F O R C I N G T H E A R M O R E D V E H I C L E S T O 
" B U T T O N U P " T O P R O T E C T C R E W S F R O M B E C O M I N G C A S U A L T I E S . DAMAGE 
T O E Q U I P M E N T F R O M S U C H A N A T T A C K I S G E N E R A L L Y I N C I D E N T A L AND 
C O N S I D E R E D T O B E A B O N U S E F F E C T . 
T A R G E T S I Z E , S H A P E AND O R I E N T A T I O N 
T A R G E T S C O N S I D E R E D F O R T H I S R E S E A R C H A R E R E C T A N G U L A R 
W I T H O N E D I M E N S I O N R U N N I N G P A R A L L E L T O T H E D I R E C T I O N O F F I R E . 
S N O W ' S Q U I C K I E H A S T H E A P P A R E N T C A P A B I L I T Y O F E V A L U A T I N G 
C I R C U L A R T A R G E T S , B U T T H I S I S D O N E B Y F I R S T C O N V E R T I N G T H E 
C I R C U L A R T A R G E T T O A S Q U A R E O F E Q U A L A R E A AND T H E N E V A L U A T I N G 
T H E E F F E C T I V E N E S S F O R T H A T C O N F I G U R A T I O N . T H E M O D E L W I L L N O T 
A C C E P T A T A R G E T T H A T D O E S N O T H A V E O N E A X I S O R I E N T E D I N T H E 
D I R E C T I O N O F F I R E . NO S U I T A B L E S I M U L A T I O N M O D E L WAS F O U N D 
T H A T C O U L D E V A L U A T E T A R G E T S W H I C H D I D N O T M E E T T H I S O R I E N T A ­
T I O N R E S T R I C T I O N . A L T H O U G H I T WOULD B E D E S I R A B L E T O T R E A T 
T A R G E T S O R I E N T E D I N A N Y D I R E C T I O N R E L A T I V E T O T H E D I R E C T I O N 
O F F I R E , T H E D E V E L O P M E N T AND V E R I F I C A T I O N O F A N E W C O M P U T E R 
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model with such a c a p a b i l i t y was beyond the scope of t h i s 
t h e s i s . 
For the s ix gun b a t t e r y , t a r g e t s of 5 , 0 0 0 , 1 0 , 0 0 0 and 
2 0 , 0 0 0 square meters were s imulated . For the smal ler two and 
four gun b a t t e r i e s , the s i z e s were reduced to 2 , 5 0 0 5 3 0 0 0 , 
and 1 0 , 0 0 0 square meters . The shape of the t a r g e t s were 
defined by the r a t i o of targe t length (range dimension) to 
targe t width ( d e f l e c t i o n d imension) . Ten targe t shapes were 
simulated with r a t i o s of 0 . 2 0 , 0 . 2 5 , 0 . 3 3 , 0 . 4 0 , 0 . 5 0 , 1 . 0 0 , 
2 , 0 0 , 3 - 0 0 , 4 . 0 0 , and 5 . 0 0 (Figure 8 ) . Targets with length 
to width r a t i o s outs ide the range of from 0 . 2 0 to 5 . 0 0 
should be considered l i n e a r t a r g e t s and attacked as such. 
Target Locat ion Error (TLE) 
A targe t l o c a t i o n error of zero meters was.used for 
a l l t a r g e t s . This corresponds to the' fo l lowing targe t acqu i ­
s i t i o n sources: forward observer with Laser Range Finder , 
t arge t area base , f l a s h ranging, photo i n t e r p r e t a t i o n , and 
a irborn in frared targe t l o c a t i o n [ 1 1 ] . The same re ference 
which i d e n t i f i e s the above targe t a c q u i s i t i o n sources as 
having a CEP of zero meters , a l s o es t imates the CEP of t arge t 
l o c a t i o n errors for l e s s r e l i a b l e sources . For example, cur ­
rent counter -bat tery radar i s est imated to have a TLE CEP of 
75 meters; sound-ranging a CEP of 150 meters; and such sources 
as POW r e p o r t s , s h e l l r e p o r t s , and communication i n t e l l i g e n c e 
a TLE CEP of 300 meters . No est imate of the variance a s s o ­
c ia ted with these TLE accurac ies i s g iven , but i t would be 
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reasonable to i n t e r p r e t the unobserved a t t a c k on t a r g e t s 
located by such means as l i t t l e b e t t e r than harass ing f i r e s . 
De l ivery Errors and Range 
Del ivery errors are div ided into two c a t e g o r i e s : 
p r e c i s i o n (round to round) errors and mean point of impact 
(occat ion to occas ion) e r r o r s . Each weapon i s assumed to 
be subjec t to a p r e c i s i o n error in range and d e f l e c t i o n , 
independent of the other weapons. By the Central Limit 
Theorem, the sum of a number of independent random v a r i a b l e s 
can be expected to approach normal i ty . There fore , for a r t i l ­
l e r y coverage problems, the p r e c i s i o n error ( a l s o re f erred to 
as a b a l l i s t i c error ) i s commonly assumed to have a noncor-
r e l a t e d b i v a r i a t e normal d i s t r i b u t i o n . 
Mean point of impact (MPI) errors c o n s i s t of targe t 
l o c a t i o n e r r o r , survey e r r o r , meteoro log ica l e r r o r , and other 
f a c t o r s which e f f e c t the e n t i r e v o l l e y of rounds and cause 
the mean point of impact of the burst pat tern to be d i s ­
p laced . The MPI error d i s t r i b u t i o n i s a l s o assumed to be 
b i v a r i a t e normal. 
Both forms of error are funct ions of time of f l i g h t 
and angle of f a l l which are in turn funct ions of range and 
the prope l l en t charge used. F ir ing t a b l e s FT 1 5 5 - A M - l for 
M109A1 1 5 5 nun howitzer l i s t s p r e c i s i o n errors as probable 
error in range (PER) and probably error in d e f l e c t i o n (PED) 
for each range and charge [ 1 3 ] . A charge s e l e c t i o n t a b l e 
on page LXI of that re ference h i g h l i g h t s the charges that 
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provide the minimum PER for each range (Table 2 ) . MET plus 
VE (meteoro log ica l plus v e l o c i t y error) Mean Point of Impact 
errors which contain a zero target l o c a t i o n error and are 
based on a four-hour-o ld meteoro log i ca l message are tabulated 
in the JMEM, Basic E f f e c t s Manual, PM 1 0 1 - 6 0 - 1 7 , for c e r t a i n 
ranges and charges (Table 3 ) [ 1 2 ] . Using both t a b l e s as 
gu ides , a set of p r e c i s i o n and MPI errors was defined for the 
hypothe t i ca l weapon system as a funct ion of range (Table 4 ) . 
With the data in Figure 1 2 , the s i n g l e f a c t o r , (range) 
i s used to def ine both p r e c i s i o n and mean point of impact 
errors for the study. Three l e v e l s of range were used: 
4 , 0 0 0 , 8 , 0 0 0 , and 1 2 , 0 0 0 meters for the s ix gun ba t t ery and 
4 , 0 0 0 , 6 , 0 0 0 , and 8 , 0 0 0 for the four and two gun b a t t e r i e s . 
R e l i a b i l i t y of the Weapon System 
A weapon system r e l i a b i l i t y f a c t o r of 0 . 9 5 was used 
throughout the study. Actual r e l i a b i l i t y f a c t o r s for r e a l 
weapon systems are c l a s s i f i e d . 
Aiming Point Patterns 
The aiming point pat terns which were t e s t e d in the 
study are i l l u s t r a t e d in Figure 9 through 1 2 and d i scussed 
in t h i s s e c t i o n . 
Six Gun Battery 
The Battery Computer System (BCS) aiming point pattern 
for rectangular t a r g e t s i s a funct ion of the long and short 
ax i s of the t a r g e t . For s ix guns a three by two pat tern i s 
Table 2 . P r e c i s i o n Errors For 1 5 5 mm Howitzer' 
Range Powder Probable Error Probable Error 
(meters) Charge In Range In D e f l e c t i o n 
^ , 0 0 0 5 G 2 1 0 3 
5 . 0 0 0 5G 1 2 k 
6 , 0 0 0 5G 1 5 5 
7 , 0 0 0 5G 18 6 
8 , 0 0 0 6W^ 2 3 I± 
1 0 , 0 0 0 6 w 2 6 6 
1 2 , 0 0 0 7W 3 0 7 
1 Se l ec ted data from FT 1 5 5 - A M - l . 
2 Green bag powder charge. 
3 White bag powder charge. 
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Table 3 . Met Plus VE Mean Point of Impact Error For 1 5 5 mm 
Howitzer"^" 
Range Powder Probable Error Probable Error 
(meters) Charge In Range In Deflection 
4 , 0 0 0 
2 
3G^ 4o 11 
4 , 0 0 0 3V\P 4 0 1 1 
6 , 0 0 0 3G 5 9 1 6 
6 , 0 0 0 4G 5 6 1 5 
8 , 0 0 0 6W 6 0 20 
1 0 , 0 0 0 6W 80 3 0 
1 2 , 0 0 0 7W 9 0 40 
1 Selected data from FM 1 0 1 - 6 0 - 1 7 . Met plus VE MPI error 
contains a zero target location error and is based on a 
four-hour-old meteorological message. 
2 Green bag powder charge. 
3 White bag powder charge. 
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T A B L E 4 . D E L I V E R Y E R R O R S F O R H Y P O T H E T I C A L W E A P O N S Y S T E M 
R A N G E P R E C I S I O N P R O B A B L E E R R O R M P I P R O B A B L E E R R O R 
( M E T E R S ) R A N G E D E F L E C T I O N R A N G E D E F L E C T I O N 
4-, 0 0 0 1 0 3 ^ 0 1 1 
5 , 0 0 0 1 2 4 4 5 1 3 
6 , 0 0 0 1 5 5 5 0 1 5 
7 , 0 0 0 1 8 6 5 8 1 8 
8 , 0 0 0 2 3 4 6 0 2 0 
1 0 , 0 0 0 2 6 6 8 0 3 0 
1 2 , 0 0 0 3 0 7 9 0 4 0 
U S E D W I T H T H R E E A I M I N G P O I N T S I N T H E D I R E C T I O N O F T H E LONG 
A X I S . TWO B C S P A T T E R N S W E R E T E S T E D , B C S H O R I Z O N T A L W I T H T H R E E 
A I M I N G P O I N T S I N T H E D E F L E C T I O N D I R E C T I O N AND B C S V E R T I C A L 
W I T H T H R E E A I M I N G P O I N T S I N T H E R A N G E D I R E C T I O N ( F I G U R E 9 ) -
T H E B C S S T R A T E G Y C O N S I S T S O F T H E B C S H O R I Z O N T A L P A T T E R N F O R 
T A R G E T S O R I E N T E D W I T H T H E LONG A X I S P E R P E N D I C U L A R T O T H E 
D I R E C T I O N O F F I R E AND T H E B C S V E R T I C A L P A T T E R N F O R T A R G E T S 
W I T H T H E LONG A X I S O R I E N T E D P A R R A L L E L T O T H E D I R E C T I O N O F F I R E . 
I T I S N O T C L E A R HOW T H E B C S S T R A T E G Y W O U L D A P P L Y T O A S Q U A R E 
T A R G E T , SO B O T H T H E H O R I Z O N T A L AND V E R T I C A L V E R S I O N S W E R E 
T E S T E D AND T H E O N E P R O D U C I N G T H E H I G H E S T E X P E C T E D F R A C T I O N A L 
C O V E R A G E WAS A S C R I B E D T O T H E B C S S T R A T E G Y . 
T H E L A Z Y W P A T T E R N I S S T A T I C . F O R A 1 5 5 RNM H O W I T Z E R 
T H E A I M I N G P O I N T S A R E A R R A N G E D A S I L L U S T R A T E D I N F I G U R E 9 
W I T H A D J A C E N T P O I N T S F I F T Y M E T E R S A P A R T I N B O T H R A N G E AND 
D E F L E C T I O N D I R E C T I O N S . T H E Z E R O P A T T E R N ( F I G U R E 9 ) R E P R E ­
S E N T S S A L V O F I R E W I T H A L L S I X R O U N D S A I M E D A T T H E C E N T E R O F 
T H E T A R G E T . 
T E N V A R I A B L E A I M I N G P O I N T P A T T E R N S W E R E I D E N T I F I E D F O R 
T H E S I X GUN B A T T E R Y ( F I G U R E 1 0 ) . T H E S E P A T T E R N S W E R E C H O S E N 
ON A P U R E L Y H E U R I S T I C B A S I S AND R E P R E S E N T , I N T H E A U T H O R ' S 
V I E W , T H E N U M B E R O F W A Y S S I X A I M I N G P O I N T S CAN B E R E A S O N A B L Y 
A R R A N G E D T O C O V E R A R E C T A N G U L A R T A R G E T . P A T T E R N N U M B E R O N E 
I S A L I N E A R D I S T R I B U T I O N O F A I M I N G P O I N T S P E R P E N D I C U L A R T O 
T H E D I R E C T I O N O F F I R E . T H E D I S T A N C E B E T W E E N E A C H P A I R O F 
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Figure 10 . Aiming Point Patterns For Six Gun Bat tery , Page Two 
Pattern number two i s a l s o l i n e a r , but p a r a l l e l to the d i r e c ­
t i o n of f i r e . A golden s e c t i o n l i n e a r search technique was 
used to vary the value of d in the simulated a t tack of each 
of the ninety targe t mi s s ions . The search was terminated when 
the i n t e r v a l of uncerta inty was reduced to l e s s than one 
meter. In t h i s manner an optimal value of d was found for 
pat terns one and two agains t each targe t miss ion . 
Pattern number three i s a three by two arrangement 
s i m i l a r to the BCS Horizonta l Pat tern . In t h i s c a s e , however, 
the d i s tance between adjacent aiming points in both the range 
d i r e c t i o n d^ and the d e f l e c t i o n d i r e c t i o n d 2 are allowed to 
vary . In order to opt imize pat tern number three for each 
targe t mis s ion , a c y c l i c coordinate search method was used 
with a golden s e c t i o n l i n e a r search in d i r e c i t o n d^ and d^. 
Pattern number four i s a modi f i ca t ion of number three in 
which the d i s tance between the two center po ints are allowed 
to vary independently of the points at e i t h e r end of the 
p a t t e r n . A three way c y c l i c coordinate search was used for 
t h i s pat tern in the three d i r e c t i o n s d^, d^s d^ (Figure 10). 
Pattern number i s f i v e i s a v a r i a b l e form of the Lazy W 
with two contro l parameters, d^ and d^. I t i s modified in 
pat tern number s ix to a l low the center two aiming point to 
vary independently . 
Patterns seven through ten are v e r t i c a l vers ions of 
pat terns three through s i x r e s p e c t i v e l y . 
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Four Gun Battery 
The four patterns are illustrated in Figure 11. The 
four gun BCS pattern, the ZERO pattern, and patterns, one, two 
and three are very similar to those for six guns. In addition 
to these, a diamond shaped pattern was tested (pattern four) 
for the four gun battery. 
Two Gun Battery 
There are not many ways to arrange two aiming points. 
A pattern was devised to represent the BCS strategy which is 
consistent with the BCS patterns for the four and six gun 
batteries. The ZERO pattern was tested with both aiming 
points at target center, and the two aiming points are sepa­
rated in the deflection direction for pattern number one and 
in the range direction for pattern number two (Figure 12). 





PATTERN 3 PATTERN k 
Figure 11. Aiming Point Pat terns for Four Gun Bat tery 
BCS PATTERN ZERO PATTERN 
d 
+ + 
PATTERN 1 PATTERN 2 
Figure 1 2 . Aiming Point Pat terns f o r Two Gun Battery 
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CHAPTER VI 
RESULTS AND DISCUSSION 
General 
The primary r e s u l t of t h i s study i s the development of 
a v a r i a b l e aiming point s t ra tegy for a t tacking area t a r g e t s 
which produces near-opt imal r e s u l t s in terms of expected f r a c ­
t i o n a l damage to the t a r g e t . Expected f r a c t i o n a l damage 
achieved by t h i s s t ra tegy approached a twenty percent improve­
ment over the aiming point s t ra tegy current ly proposed for the 
BCS. S p e c i f i c comparative data i s given in the sec t ion 
"Comparison of S t r a t e g i e s " in t h i s chapter . 
The r e s u l t s of the simulated a r t i l l e r y a t tacks are 
tabulated in Appendix B. A d i s cus s ion of the r e s u l t s for s i x , 
four , and two gun b a t t e r i e s fo l lows in the next three sec t ions 
In each sec t ion equations are developed which model the r e l a ­
t ionsh ip between targe t miss ion parameters and aiming point 
pat tern contro l parameters. These equations form the b a s i s 
of the v a r i a b l e aiming point s t ra tegy which i s d i scussed in a 
l a t e r s e c t i o n . 
In each instance the goal i s to present as simple a 
model as p o s s i b l e which w i l l achieve near optimal r e s u l t s . 
Near optimal i s def ined as greater than n ine ty -n ine percent 
of the apparent optimal va lue . The primary f a c t o r which 
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permits use of the simple models descr ibed below i s the very 
robust nature of the r e l a t i o n s h i p between the contro l para­
meters for the v a r i a b l e aiming point pat terns and the expected 
f r a c t i o n a l coverage. In most cases a graph of expected cov­
erage against pat tern contro l parameters i s very f l a t in the 
region of the optimal v a l u e . For example, Table 5 i l l u s t r a t e s 
the changes in expected coverage caused by changes in the p a t ­
tern c o n t r o l parameters d^ and d^ for a 1 0 , 0 0 0 square meter 
target with length to width r a t i o of 0 . 5 , attacked from a 
range of 4 , 0 0 0 meters . The Lazy W and BCS expected coverage 
for t h i s targe t i s 5-88% and 1 0 . 6 6 $ r e s p e c t i v e l y . With a 
large number of v a r i a b l e s a s soc ia t ed with f i r i n g a r t i l l e r y 
p r o j e c t i l e s , the p r e c i s e r e l a t i o n s h i p between aiming p o i n t s , 
expected coverage , and other f a c t o r s i s qu i te complex. The 
very for tunate " f la t" nature of the aiming po int / coverage 
r e l a t i o n s h i p al lows such simple models as l i n e a r and quadratic 
equations to be used. In a l l cases in t h i s s tudy, s i m p l i c i t y 
and u t i l i t y w i l l be given preference over mathematical r i g o r . 
Six Gun Battery 
For each targe t miss ion a comparison was made between 
the e f f e c t s achieved by f i r i n g each pat tern with i t s c o n t r o l 
parameters at optimal values (See Figures 1 3 , 1 4 , and 1 5 ) . 
I t appears that there i s an "optimal conf igurat ion" or 
s t ra tegy for each target miss ion ( s i z e , shape, and error 
parameters) which produces optimal expected f r a c t i o n a l damage. 
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Table 5- Expected Coverage For Different Values of cL and d 
d̂  Expected Coverage 
(deflection) (percent) 
16.8 l 5 1 1 72 3^.3 1 .5 1 1 80 
3^.9 1 5 1 1 75 
3^.3 6 1 1 79 
3^.3 10 3 1 1 • 78 
3^.3 16 6 1 1 • 73 
3^.3 26 9 1 1 • 56 
3^.3 ^3 6 10 88 
Six guns, pattern number three, 71 x 1̂1 meter target, 




Each of the v a r i a b l e pat terns (numbers one through ten) tends 
toward t h i s "optimal conf igurat ion" within the l i m i t s of i t s 
v a r i a b i l i t y . For example, l arge targe t dimensions and short 
ranges ( shorter range r e s u l t i n g in b e t t e r accuracy) favor 
d i spers ion of the aiming points (Figure 1 4 ) . The "0" pattern 
was not compet i t ive in such c a s e s , s ince i t i s character ized 
by no d i s p e r s i o n of the aiming po ints whatsoever. The l i n e a r 
p a t t e r n s , numbers one and two, did we l l in t h e i r own ends of 
the court ; pat tern one achieving good r e s u l t s f or the wide 
t a r g e t s with l i t t l e depth, while pat tern two ( l i n e a r d i s p e r ­
s ion in range) scored b e t t e r for the long t a r g e t s with l i t t l e 
width. 
As the range increased , sa lvo f i r e takes over as the 
optimal s t r a t e g y . The 5 , 0 0 0 and 1 0 , 0 0 0 square meter t a r g e t s 
at 1 2 , 0 0 0 meters range can be bes t attacked by f i r i n g a l l 
rounds at t arge t center (Figure 1 5 ) . Each of the ten v a r i a b l e 
pat terns c o l l a p s e s to the "0" pat tern for these t a r g e t s , r e ­
s u l t i n g in the same e f f e c t s on the t a r g e t , except for minor 
d i f f e r e n c e s due to round o f f . 
Patterns three and seven produced the best o v e r a l l 
r e s u l t s throughout the study. With the f l e x i b i l i t y to d i s ­
perse aiming po ints in e i t h e r or both coordinate d i r e c t i o n s . 
These two pat terns e s s e n t i a l l y represent an optimal s t r a t e g y . 
For a l l p r a c t i c a l purposes the two pat terns are equal ly 
e f f i c i e n t . Of the ninety targe t miss ions s imulated , in only 
two cases did the expected f r a c t i o n a l damage for the two 
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patterns d i f f e r by more than one percent . For the 2 0 , 0 0 0 
square meter targe t at 4 , 0 0 0 meter range, pat tern three ou t ­
performed pat tern seven by 1 . 2 % for the 63 by 316 meter targe t 
and pat tern seven beat pat tern three by 1 . 5 % aga ins t the 3 1 6 
by 63 meter t a r g e t . 
The graphs in Figures 1 3 , 1 4 , and 1 5 are g e n e r a l l y 
representa t ive of the nine s i z e / r a n g e combinations i n v e s t i g a t ­
ed. 
Patterns f o u r , f i v e , s i x , e i g h t , n ine , and ten are not 
shown in the graphs. Each of these pat terns approach the 
e f f e c t s of three and seven in s p e c i f i c c a s e s , but only as they 
imi ta te them. The increased complexity of these f a n c i e r p a t ­
terns in no way enhanced t h e i r performance and none of them 
dominated in any of the cases i n v e s t i g a t e d . 
As mentioned above, pat terns three and seven dominate 
the aiming point pat terns i n v e s t i g a t e d . Pattern three was 
s e l e c t e d as the b a s i s for a v a r i a b l e aiming point s t ra tegy 
pr imar i ly because of i t s f a m i l i a r i t y and i n t u i t i v e appeal . 
The r e s u l t s for pat tern seven are j u s t as good, but pat tern 
three looks more l i k e the sheafs the a r t i l l e r y has been 
f i r i n g for years . In Figure 1 6 the range d i s t r i b u t i o n param­
eter d^ for pat tern three i s p l o t t e d aga ins t the t a r g e t 
length (range dimension of the t a r g e t ) . Values for which 
had obvious ly co l l apsed to zero were d i sregarded . At t h i s 
point i t was noted that only three s i g n i f i c a n t data points 
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Figure 13- Pattern Comparison For Six Gun Battery, Page One 
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Figure Ik. Pattern Comparison For Six Gun Battery, Page Two 
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T E S T S W E R E R U N A T T H I S R A N G E F O R T A R G E T S W I T H L E N G T H S O F 2 6 0 , 
270 AND 295 M E T E R S . S E V E R A L E Q U A T I O N S W H I C H C O U L D B E L I N E A R ­
I Z E D B Y S I M P L E T R A N S F O R M A T I O N W E R E A P P L I E D T O T H I S D A T A . T H E 
P O W E R C U R V E 
B 
Y = A X 
T H E R A N G E C O N T R O L P A R A M E T E R F O R T H E P A T T E R N 
C = T A R G E T L E N G T H - T H E X - I N T E R C E P T P O I N T 
W I T H S U I T A B L E V A L U E S F O R A , B , AND C WAS F O U N D T O F I T T H E 
D A T A P O I N T S F O R T H 8 , 0 0 0 AND 1 2 , 0 0 0 M E T E R R A N G E S Q U I T E W E L L . 
T H E L I N E A R F O R M 
I N Y = I N A + B ( L N X ) 
WAS F I T B Y S I M P L E L I N E A R R E G R E S S I O N . T H E V A L U E O F C WAS 
V A R I E D T O F I N D T H E V A L U E S F O R A , B , AND C W H I C H R E S U L T E D I N 
T H E M I N I M U M S U M O F S Q U A R E S F O R T H E R E S I D U A L S ( S E E T A B L E 6 ) . 
T H E 4 , 0 0 0 M E T E R R A N G E D A T A WAS L E S S C O O P E R A T I V E . A 
P L O T O F T H E D A T A I N D I C A T E D T H R E E S E P A R A T E C U R V E S F O R T H E 
T H R E E T A R G E T S I Z E S . I T A P P E A R S T H A T W H I L E D ^ I S A F U N C T I O N 
O N L Y O F T A R G E T L E N G T H I N M O S T C A S E S , I T I S S I G N I F I C A N T L Y 
A F F E C T E D B Y T H E W I D T H O F T H E T A R G E T W H E N T H E W I D T H E X C E E D S 
A V A L U E O F A B O U T O N E H U N D R E D AND F I F T Y M E T E R S . T H I S 
W H E R E Y = D ^ = 
X = T . -
1 
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Table 6. Parameters For cL Equations , S ix Guns 
, K f ^ e a b 0 S S R e s i d u a l s (meters) 
4,000 2.5752 0.5566 0 2865.86 
8,000 3.2858 0.5921 l6 l 20.15 
12,000 3.2685 0.5952 237 4.97 
* d = a (T T - c ) b 
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"interact ion" of the e f f e c t s on d-L between length and width 
causes the 4 , 0 0 0 meter range data to s p l i t in to three d i s ­
t i n c t curves . P i t t i n g the data for each t a r g e t s i z e to the 
power curve in the same manner as for the 8 , 0 0 0 and 1 2 , 0 0 0 
meter ranges produced the equation parameters in Table 7 . 
Since both d-̂  and t a r g e t length represent r e a l d i s t a n c e s , 
negat ive values for these v a r i a b l e s have l i t t l e meaning. I t 
was assumed that as the targe t length approaches zero , the 
value of d^ w i l l a l s o approach zero . Adding the ( 0 , 0 ) point 
to the data for the 4 , 0 0 0 meter range , one equation was f i t 
to the e n t i r e set of p o i n t s . Although the r e s i d u a l sum of 
squares i s very l a r g e , using t h i s equation to determine d^ 
values for a l l t a r g e t s at the 4 , 0 0 0 meter ranges r e s u l t s in 
expected f r a c t i o n a l damage within one percent of the optimal 
value for every data point a v a i l a b l e . Since the "near 
optimal" c r i t e r i o n i s met, the o v e r a l l equation i s used to 
represent the 4 , 0 0 0 meter range data (Table 6 ) . 
The aiming point c o n t r o l parameter 6.^ i s p l o t t e d 
aga ins t targe t width in Figure 1 7 . The power curve equation 
provided a very good f i t for the d^ curves for a l l three 
ranges (Table 8 ) . 
Since data had been determined for three ranges , 
quadratic equations were used to def ine the r e l a t i o n s h i p 
between each of the parameters a, b , and c of the modified 
power curve 
y = a (x - c) 
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Table 7. d-L Equation Parameters At 4 , 0 0 0 Meter Range 
Range TGT SIZE a b c S S D . , o-. / j. to \ / 4_ \ Residuals (meters) (sq. meters) 
4 , 0 0 0 5 , 0 0 0 8 . 4 1 3 4 0 . 3 4 0 2 -14 1 . 6 
4 , 0 0 0 1 0 , 0 0 0 1 2 . 0 5 6 5 0 . 2 9 9 9 4 4 2 2 . 1 8 
4 , 0 0 0 2 0 , 0 0 0 6 . 9 7 7 5 0 . 4 2 8 3 7 8 1 2 . 7 8 
4 , 0 0 0 All Sizes 2 . 5 7 5 2 0 . 5 5 6 6 0 2 8 6 5 . 8 6 
0 2 0 4 0 6 0 80 1 0 0 120 140 l 6 o 180 2 0 0 2 2 0 2 4 0 2 6 0 280 3 0 0 3 2 0 
DEFLECTION DIMENTION (TARGET WIDTH) 
Figure 1?. Relationship Between d 2 And Target Width For Six Gun Battery 
ON 
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Table 8 . Parameters For Equat ions , S i x Guns 
, K ? 1 ^ a b C S S R e s i d u a l s (meters ) 
4 , 0 0 0 2 . 3 8 4 0 0 . 6 8 1 2 1 4 3 0 . 9 9 2 6 
8 , 0 0 0 2 . 5 4 5 2 0 . 6 4 8 0 1 7 3 2 . 8 3 3 2 
1 2 , 0 0 0 2 . 9 6 5 7 0 . 5 7 5 4 2 2 5 0 . 5 7 6 4 
d 2 = a ( T w - c ) b 
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a-1 = -0.0227 R 2 
b x = -0.0210 R 2 
o1 = - 2 . 6 5 6 3 R 2 
a 2 = 0 . 0 0 8 1 R 2 
b 2 = - 0 . 0 0 1 2 R 2 
c 2 = 0 . 6 8 7 5 R 2 
Four Gun Battery 
Data for the four gun battery displays characteristics 
similar to that of the six gun battery. Figures 18 through 
20 illustrate the comparison between the effectiveness of 
the various patterns. These figures are representative of 
the nine size and range combinations simulated. While there 
is little difference in the effectiveness of the variable 
aiming point patterns, the BCS pattern is clearly less ef­
fective. The Lazy W pattern was not simulated for either 
the four or the two gun batteries. Pattern number three was 
for both the and d^ equations. This provides a method 
for interpolating for d^ and d^ values at all ranges between 
4,000 and 12,000 meters. Given the range to target R, the 
appropriate values for a^, b^, and for the d^ equation 
and a Q, b 9 , and c0 for the d^ equation can be calculated from 
+ 0.4506 R + 1.1367 
+ 0.0210 R + 0.4887 
+ 72.1250 R - 246.0 
- 0.0569 R + 2.4821 
+ 0.0065 R + 0.6750 
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. 0 0 
0 . 2 0 0 . 2 5 o . 3 3 0 . 5 0 l . o o 2 . 0 0 3 . 0 0 4 . 0 0 5 . 0 0 
RATIO LENGTH / WIDTH 
Figure 19- Pattern Comparison For Four Gun Battery, Page 
Two 
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Figure 20. Pattern Comparison For Four Gun Battery, Page 
Three 
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generally dominant throughout the data set, if only marginally 
in most cases. The control parameters for pattern number three 
are plotted against the appropriate target dimensions in 
Figures 21 and 22. Although both sets of data could be fit 
with the modified power curve 
y = (x-c)b 
as in the six gun case, the extremely robust nature of the 
relationship between d-̂, d̂  and expected fractional damage 
allows for a straight line model for the four gun strategy. 
Simple linear regression provides the models: 
0.l694TT + 13-8107 , for range = 4,000mm 
0.2400TL - 4.9231 , for range = 6,000mm 
0.8805TW - 137.1306 , for ranges 4,000mm to 8,000mm 
target length 
target width 
As indicated in Figure 18 three of the data points were 
affected by interaction between target length and target width. 
di -
d 2 = 
where 
RANGE DIMENTION (TARGET LENGTH) 
Figure 2 1 . Relationship Between And Target Length For Four Gun Batte 
DEFLECTION DIMENTION (TARGET WIDTH) 
Figure 2 2 . Relationship Between d 2 and Target Width For Four Gun Battery w 
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A S I N T H E S I X G U N C A S E , T H E I N T E R A C T I O N O C C U R S O N L Y F O R 
T A R G E T S W I T H W I D T H S G R E A T E R T H A N 1 5 0 M E T E R S A N D T H E D E G R A D A ­
T I O N O F E X P E C T E D F R A C T I O N A L D A M A G E C A U S E D B Y T H I S P H E N O M E N O N 
I S L E S S T H A N O N E P E R C E N T F O R T H E M O S T E X T R E M E C A S E . T H E 
I N T E R A C T I O N P R O B L E M W A S T H E R E F O R E I G N O R E D . 
A T A R A N G E O F 8 , 0 0 0 M E T E R S , A L L D ^ V A L U E S C O L L A P S E D 
T O Z E R O . S U P P L E M E N T A L D A T A P O I N T S W E R E T E S T E D F O R A R A N G E O F 
7 , 0 0 0 M E T E R S T O O B T A I N T H E M O D E L : 
d = 0 . 3 6 7 5 T T - 3 8 . 5 3 
1 B 
T H E C O R R E L A T I O N C O E F F I C I E N T S F O R T H E A B O V E F O U R 
E Q U A T I O N S A R E : 
0 . 9 2 8 7 
0 . 9 7 5 5 
0 . 9 4 7 7 
0 . 8 7 3 5 
Q U A D R A T I C E Q U A T I O N S W E R E D E T E R M I N E D F O R I N T E R P O L A T I N G V A L U E S 
F O R T H E S L O P E A N D Y - I N T E R C E P T P O I N T F O R T H E E Q U A T I O N 
C O R R E S P O N D I N G T O A N I N T E R M E D I A T E R A N G E R . 
D 1 , R A N G E 4 , 0 0 0 : 
D- L , R A N G E 6 , 0 0 0 : 
D 1 , R A N G E 7 , 0 0 0 : 
D 0 , A L L R A N G E S : 
D , = A T R + B 
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where: 
a = 0.0307R 2 - 0.2720R + 0.7658 
b = -8.08R 2 + 71.4331R - 142.64 
The relationship is approximated by the linear equation: 
d 2 = 0.8805T W - 137.1306 
Two Gun Battery 
The two gun volley is best fired at the target center. 
In nearly every case considered, the variable patterns all 
collapsed to the zero pattern for an optimal solution. The 
exception was for the 4,000 meter range (greatest accuracy) 
and for the target with the smallest length to width ratio. 
By attacking the 45 x 224 meter target with two rounds aimed 
at points 6l meters apart in deflection, a 1.01 percent im­
provement over the "0" pattern was realized. This was the 
only case out of the ninety tested in which the zero pattern 
was beat by more than one percent. The zero pattern is 
compared with a BCS pattern in Figures 23 and 24. 
Variable Aiming Point Strategy 
The variable aiming point strategy is defined in this 
section. It is designed for target situations which do not 
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Figure 24. Pattern Comparison For Two Gun Battery, Page Two 
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exceed the l i m i t a t i o n s of the study e s t a b l i s h e d in Chapter V 
"Procedure." The s t r a t e g y c o n s i s t s of f i r i n g s a l v o f i r e 
(both weapons aimed at t a r g e t c e n t e r ) f o r the two gun v o l l e y . 
The four and s i x gun v o l l e y s are aimed us ing p a t t e r n number 
t h r e e f o r each b a t t e r y s i z e as d e s c r i b e d in Chapter V with 
the va lues of d^ and d 2 determined by the equat ions be low. 
These p a t t e r n s are a l s o i l l u s t r a t e d in Figure 2 5 . For the 
Six Gun B a t t e r y : 
c ) b 2 , . i f T L > c , d 1 . = 0 , i f T L < C 
c 2 ) b 2 , i f T w > c , d 2 = 0 , i f T w < C 
where: 
d-, = the d i s t a n c e between a d j a c e n t aiming p o i n t s in the 
range d i r e c t i o n . 
d 2 = the d i s t a n c e between a d j a c e n t aiming p o i n t s in the 
d e f l e c t i o n d i r e c t i o n . 
T^ = the t a r g e t l eng th in range d i r e c t i o n . 
T T t = the t a r g e t width in d e f l e c t i o n d i r e c t i o n . 
a x = - 0 . 0 2 2 7 R 2 + 0 . 4 5 0 6 R + 1 . 1 3 6 7 
b1 = - 0 . 0 0 1 0 R 2 + 0 . 0 2 1 0 R + 0 . 4 8 8 7 
o1 = - 2 . 6 5 6 3 R 2 + 7 2 . 1 2 5 0 R - 2 4 6 . 0 
d l = a i ( T L -
d 2 = a 2 ( T W " 
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+ 
TWO GUN PATTERN 
+ 
+ 
FOUR GUN PATTERN 
SIX GUN PATTERN 
Figure 25. Patterns For Variable Aiming Point Strategy 
a 2 = 0.0081R 2 - 0.0569R + 2.4821 
b 2 = -0.0012R 2 + 0.0065R + 0.6570 
c 2 = 0.6875R 2 - 0.7500R + 135-0 
R = Range from guns to target 
For the Four Gun Battery: 
d l - a l T L + b l 
d 2 = a 2 T w + b 2 
where: 
= the target length in range direction 
= the target width in deflection 
a 1 = 0.0307R 2 - 0.2720R + O .7658 
b 1 = - 8.08R 2 + 71.4331R - 142.64 
a 2 = 0.8805 
b 2 = -137,1306 
R = Range from guns to target 
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Since and d^ represnet real distances for both the six 
gun and the four gun cases, they cannot have negative values. 
If a negative value occurs for d^ or d 2 for either size volley, 
the correct value is assumed to be zero. 
Comparison of Strategies 
Lazy W Strategy 
The graphs of the Lazy W effects in Figures 1 8 , 1 9 , and 
20 show the disadvantage of firing the same pattern regardless 
of the size, shape or orientation of the target. The results 
for the Lazy W are consistently below those of the BCS and 
the variable aiming point patterns. At the 4,000 meters range, 
the effects decrease for targets which are narrow in deflec­
tion and long in range. Significantly this is the shape that 
we could expect an enemy unit to present as it moves forward 
in a situation such as that described in the tacitical 
scenario in Chapter V. At the greater range of 12,000 meters 
the Lazy W curve is essentially flat, demonstrating its insen-
sitivity to the target shape (Figure 15). It should be pointed 
out that current firing procedures do not call for firing the 
Lazy W pattern at all targets. A column of enemy personnel 
carriers with a length to width ratio of five, for example, 
could be attacked using special corrections with an aiming 
point pattern tailored to the specific target. Special cor­
rections take a great deal of extra time to employ, however, 
and in a fast moving situation with many targets available, 
81 
the use of special corrections for all or most of them would 
not be a feasible solution. 
BCS Strategy 
The BCS pattern which changes with the size and shape 
of the target, produces expected fractional damage which in 
some cases is more than three times that of the Lazy W pattern. 
The results for this strategy are generally better for long 
narrow targets than they are for targets that are wide and 
shallow. This would be an advantage when defending against 
enemy units moving forward in column formation. Another ad­
vantage of the BCS strategy is its simplicity. Since the 
aiming point pattern depends only on the size, shape, and 
orientation of the target, there is no need to have delivery 
error distribution data in order to use this strategy. The 
price that is paid for this simplicity is sub-optimal effects. 
Since delivery error distributions do have an effect on the 
optimal placement of aiming points, a strategy which is inde­
pendent of such information cannot be optimal. The parameters 
that control the distance between aiming points in the range 
direction (d^) and in the deflection direction (d^) for the 
BCS strategy are plotted in Figures 1 6 , 17, 21 and 22 so 
that they may be compared with the respective parameters for 
the variable aiming point strategy. 
As mentioned in an earlier chapter, two BCS patterns 
were evaluated: BCS Horizontal and BCS Vertical. An inter­
esting result is that the BCS Vertical pattern outperformed 
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the BCS Horizontal pattern for all targets with low length 
to width ratios and the horizontal version dominated the 
vertical in some cases where the length to width ratio was 
three or greater. This implies that the BCS strategy could 
be improved by orienting the three by two pattern with three 
aiming points in the direction of the short axis and two in 
the direction of the long axis. 
Variable Aiming Point Strategy (VAPS) 
The Variable Aiming Point Strategy (VAPS) is the most 
flexible of those investigated and therefore best able to pro­
duce optimal results. Although slightly more complex than the 
BCS, it is very suitable for a computer application. The 
required delivery error distribution data can be determined 
and tabulated and/or programmed into computer memory. In 
Table 9 3 the control parameters d^ and d^ for both the BCS 
and VAPS, and the expected fractional coverage for Lazy W, 
BCS, and VAPS are shown for several selected targets. These 
targets were selected arbitrarily to indicate in a sample 
fashion a comparison of the three strategies. The targets 
were not selected by any statistically random process nor 
were they selected to intentionally favor a particular strat­
egy. The comparison illustrated in this figure is generally 
representative of the entire set of circumstances considered 
in the study. The effects of the VAPS are also tabulated 
in Table 9 as a percent of the effects from the Lazy W and 
BCS patterns and as a percent of the optimal coverage. 
Table 9. Comparison of Strategies 
Aiming Point 
Control Parameters 
Number Target Target Range BCS VAPS Expected Fractional Coverage VAPS Coverage as % of 
(Expressed as Percent) 
of Guns Size Shape To Target d d ? d & Lazy V/ BCS VAPS Optimal Lazy W BCS Optimal• 
6 5000 50x100 4 25 33 23 0 5.68 13. ,42 14. .86 14 .92 261. ,62 110, .73 99. 60 
6 20000 200x100 4 67 50 49 0 4.26 9. ,36 11. ,12 11 .13 261. ,03 118 .80 99-91 
6 15000 100x200 6 .50 67 11 31 4.86 6. ,48 7-.11 7 .11 246. ,30 109 .72 100. 00 
VO 10000 200x50 6 67 25 46 0 3.86 10. ,38 11. .37 11 •39. 294. ,56 109 • 54 99. 82 
6 7500 50x150 12 25 50 0 .0 • 2.81 3. ,97 4. .32 4 •32 153. 74 108 .82 100. 00 
6 15000 150x100 12 50 50 0 0 2;76 4. ,33 4, .58 4 .58 165. 94 105 .77 100. 00 
4 2500 50x50 4 25 25 22 0 - 12. ,37 12. .93 12 .93 104 .53 10 0-. 00 
4 7500 50x150 5 25 75 21 0 - 6. .67 7. .28 7 .28 109 •15 100. 00 
4 10000 50x200 6 25 100 7 39 - 4. ,89 5-.19 5 .19 106 .13 100. 00 
4 5000 100x50 6. 50 25 19 0 - 8, ,94- 9, .39 9 .39 105. .03 100. 00 
4 1000 100x100 7 50 50 0 0 - 6. ,05 6. ,71 6, .71 110, .91 100. 00 
4 1000 200x50 .8 100 25 23 0. - 5-.92 6. .47 6 .43 109 .29 ' 99. 85 
2 2500 50x50 4 0 25 0 0 - 6. ,95 7. . 00 7 . 00 100 .72 'loo. 00 
2 10000 50x200 6 0 100 0 0 - 2. • 54 2, .72 2 .71 107 .09 100. 00 
2 10000 100x100 7 0 50 0 0 - - J • ,46 3, .53 3 .53 102 .02 100. 00 
2 10000 200x50 8 100 0 0 0 - 3. ,14 3. .39 3 .39 107 .96 100. 00 
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S E N S I T I V I T Y 
S E V E R A L D A T A P O I N T S W E R E T E S T E D O U T S I D E T H E L I M I T S S E T 
F O R T H E S T U D Y I N O R D E R T O G A I N S O M E K N O W L E D G E A B O U T T H E S E N S I ­
T I V I T Y O F T H E R E S U L T S T O T H E S E R E S T R I C T I O N S . T E N S A M P L E T A R ­
G E T S W E R E R U N W I T H A T A R G E T L O C A T I O N E R R O R O F T E N . S U C H A T L E 
C O R R E S P O N D S T O S O M E O F T H E E A R L Y T E S T I N G O F S O M E M O D E L S O F T H E 
L A S E R R A N G E F I N D E R . A S S H O U L D B E E X P E C T E D , T H E E X P E C T E D 
F R A C T I O N A L C O V E R A G E W A S D E G R A D E D B Y T H E A D D I T I O N O F T H I S E R R O R . 
T H E A I M I N G P O I N T P A R A M E T E R S F O R O P T I M A L C O V E R A G E , H O W E V E R , 
R E M A I N E D E S S E N T I A L L Y U N C H A N G E D F O R T H I S S M A L L T L E . A S D I S ­
C U S S E D E A R L I E R , O P T I M A L A I M I N G P O I N T S ON T H E B A S I S O F E X P E C T E D 
C O V E R A G E H A V E L I T T L E M E A N I N G I N T H E P R E S E N C E O F L A R G E T A R G E T 
L O C A T I O N E R R O R S . I F L A R G E T A R G E T L O C A T I O N E R R O R S A R E P R E S E N T 
S O M E F O R M O F A D J U S T I N G P R O C E D U R E I S R E Q U I R E D F O R T H E A R T I L L E R Y 
T O B E E F F E C T I V E . T H E R E S U L T S O F T H E T L E S A M P L I N G I S T A B U L A T E D 
I N T A B L E 1 0 . 
T H E N A T U R E O F T A R G E T D E F I N E D F O R T H I S S T U D Y H A S A 
L E T H A L A R E A O F 6 0 0 S Q U A R E M E T E R S . H A R D T A R G E T S W I T H S I G N I F I ­
C A N T L Y D I F F E R E N T L E T H A L A R E A S W I L L B E A F F E C T E D B Y A R T I L L E R Y 
F I R E D I F F E R E N T L Y T H A N S O F T T A R G E T S . T A R G E T S W I T H L E T H A L A R E A S 
W H I C H D I F F E R S I G N I F I C A N T L Y S H O U L D B E S T U D I E D T H O R O U G H L Y A N D 
A R E N O T S A M P L E D F O R T H I S T H E S I S . M I N O R D E V I A T I O N S I N T H E 
L E T H A L A R E A C O U L D R E S U L T F R O M S U C H C O N S I D E R A T I O N S A S T H E 
A M O U N T O F C O V E R I N T H E A R E A ( T R E E S , O R B U I L D I N G S ) OR T H E 
E Q U I P M E N T , T R A I N I N G , OR P R E - A T T A C K P O S T U R E O F P E R S O N N E L B E I N G 
A T T A C K E D . E I G H T T A R G E T S O F D I F F E R E N T S I Z E S W E R E S I M U L A T E D , 
Table 1 0 . Sample Data For Change In Target Location Error 
Target Battery Range TLE = 0 TLE = 1 0 
Size Size (meters) d^ Coverage d^ d^ Coverage 
2 5 X 1 0 0 4 Guns 4 , 0 0 0 2 0 . 3 1 . 4 . 1 0 7 6 0 2 1 . 6 1 , . 4 . 1 0 5 1 6 
3 5 X 7 1 4 Guns 4 , 0 0 0 2 2 . 8 1 . 5 . 1 2 1 7 1 2 4 . 2 1 , . 5 . 1 1 8 3 2 
5 0 X 5 0 4 Guns 4 , 0 0 0 2 6 . 7 1 . 1 . 1 2 9 3 0 2 6 • 7 1 , . 1 . 1 2 5 3 2 
1 0 0 X 2 5 4 Guns 4 , 0 0 0 3 2 . 4 1 . 4 . 1 2 7 6 6 3 2 . 4 1 , . 4 . 1 2 3 5 4 
5 0 X I O O 6 Guns 8 , 0 0 0 1 . 1 ' 1 . 1 . 0 9 4 0 1 2 . 0 1 , . 1 . 0 9 2 5 7 
1 0 0 X 1 0 0 6 Guns 8 , 0 0 0 3 - 5 1 . 1 . 0 9 1 0 1 2 . 5 1 , . 1 . 0 8 9 6 3 
1 0 0 X 2 0 0 6 Guns 8 , 0 0 0 2 . 5 2 0 . 0 . 0 6 0 0 3 2 . 5 2 2 , . 2 . 0 5 9 6 3 
2 0 0 X 5 0 6 Guns 8 , 0 0 0 3 1 . 3 1 . 4 . 0 9 3 0 6 3 1 • 9 1 , . 4 . 0 9 1 3 1 
2 0 0 X 1 0 0 6 Guns 8 , 0 0 0 2 5 . 7 1 . 1 . 0 8 0 6 4 2 7 . 1 1 . . 1 . 0 7 9 4 9 
3 1 6 X 6 3 6 Guns 8 , 0 0 0 6 5 . 8 1 . 2 . 0 7 4 3 2 6 5 - • 9 1 . . 1 . 0 7 3 0 7 
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assuming a lethal area of 550 and 650 square meters. The 
largest resulting change in d^ or d^ for an optimal attack 
with pattern number three was less than one meter. The results 
are tabulated in Table 1 1 . 
Multiple volleys represent an entirely different problem 
than the single volley attack. Vehicular targets move and 
personnel "posture" (standing, prone, in foxholes, etc.) change 
in response to the first rounds of a multi-volley attack. As­
sumptions concerning the independence of error distributions 
become questionable for the case where each howitzer is firing 
several rounds. Multiple volley missions were not considered 
in the study. 
T A B L E 11 . S A M P L E D A T A F O R C H A N G E I N L E T H A L A R E A 
T A R G E T R A N G E L E T H A L A R E A = 5 5 0 L E T H A L A R E A = 6 0 0 L E T H A L A R E A = 6 5 0 
S I Z E ( M E T E R S ) D . , D 9 C O V E R A G E D-, D ? C O V E R A G E D-, D ? C O V E R A G E 
50x100 4,000 34.0 1.1 .14004 34.6 1 .1 .14916 35 .1 1 .1 .15787 
71x71 4,000 37.5 1.2 .15646 38.0 1 .2 .16544 38 .4 1 .2 .17395 
141x71 4,000 44.6 1.2 .13799 45.1 1 .2 .l46o6 46 .0 1 .2 .15372 
200x100 4,000 52.0 1.1 .10421 52.8 1 .1 .11127 53 .7 1 .1 .11803 
50x100 8,000 2.0 1.1 .08786 2.0 1 .1 .09401 1 • 9 1 .1 .09994 
100x50 8,000 2.5 1.4 .09871 2.5 1 .4 .10499 1 .8 1 .4 .11103 
100x100 8,000 2.0 1.1 .08505 2.5 1 .1 .09101 2 .5 1 .1 .09676 
100x200 8,000 1.8 23.3 .05552 2.5 22 .2 .06003 1 .8 20 .4 .06448 
0 0 
- \ 3 
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C H A P T E R V I I 
C O N C L U S I O N S A N D R E C O M M E N D A T I O N S 
1 . T H E V A R I A B L E A I M I N G P O I N T S T R A T E G Y O U T L I N E D I N C H A P T E R V I 
P R O V I D E S N E A R O P T I M A L E X P E C T E D F R A C T I O N A L C O V E R A G E F O R T H E 
T A R G E T C O N D I T I O N S S T U D I E D A N D S U B S T A N T I A L L Y I N C R E A S E D 
E F F E C T I V E N E S S O V E R T H E L A Z Y W P A T T E R N A N D T H E A I M I N G 
P O I N T S T R A T E G Y C U R R E N T L Y , P R O P O S E D F O R T H E B A T T E R Y C O M P U T E R 
S Y S T E M F O R T W O , F O U R , A N D S I X G U N V O L L E Y S . 
2 . T H E S I T U A T I O N S T U D I E D I S T H E A T T A C K O F A N A C C U R A T E L Y L O ­
C A T E D S O F T T A R G E T C H A R A C T E R I Z E D B Y A L E T H A L A R E A O F 6 0 0 
M E T E R S , A S I Z E O F F R O M 2 , 5 0 0 S Q U A R E M E T E R S T O 2 0 , 0 0 0 S Q U A R E 
M E T E R S , R E C T A N G U L A R I N S H A P E W I T H O N E A X I S O R I E N T E D I N T H E 
D I R E C T I O N O F F I R E , A N D W I T H A L E N G T H T O W I D T H R A T I O O F F R O M 
0 . 2 0 T O 5 - 0 0 . T H I S T A R G E T I S A T T A C K E D A T A R A N G E O F F R O M 
F O U R T O T W E L V E K I L O M E T E R S W I T H O N E V O L L E Y F R O M H O W I T Z E R S 
S I M I L A R T O T H E 1 5 5 MM K O W I T Z E R M 1 0 9 A 1 , F I R I N G C O N V E N T I O N A L 
H I G H E X P L O S I V E A M M U N I T I O N . T H E W E A P O N S Y S T E M H A S A R E L I A ­
B I L I T Y F A C T O R O F 0 . 9 5 A N D D E L I V E R Y E R R O R P A R A M E T E R S W H I C H 
C O N F O R M T O T H O S E E N U M E R A T E D I N T A B L E 4 . A L T H O U G H H Y P O T H E T ­
I C A L D A T A W A S U S E D I N P O R T I O N S O F T H I S S T U D Y T O A V O I D 
S E C U R I T Y C L A S S I F I C A T I O N , T H E I N T R O D U C T I O N O F T H E A C T U A L 
C L A S S I F I E D D A T A ( S U C H A S L E T H A L A R E A A N D W E A P O N S Y S T E M 
R E L I A B I L I T Y F A C T O R S ) S H O U L D N O T A F F E C T T H E V A L I D I T Y O F 
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the conclusions concerning the relationships between 
factors and the comparison of aiming point strategies. 
With the use of the actual data the specific values of 
the equation parameters may vary from those determined 
in this thesis. 
The Lazy W aiming point pattern is consistently less 
effective than either the BCS Aiming Point Strategy or 
the Variable Aiming Point Strategy when employed against 
area targets under the circumstances studied in the 
thesis. 
In addition to being significantly less effective than 
the other strategies, at relatively short range (4000 
meters), the Lazy W pattern was characterized by decreas­
ing effectiveness as the length to width target ratio 
increased. In contrast, both the BCS and Variable Aim­
ing Point patterns demonstrated generally increasing 
effectiveness as the ratio increased. At a greater 
range (12,000) meters the Lazy W pattern achieved essen­
tially the same target effects regardless of the shape or 
orientation of the target (See Figure 15.) 
Delivery errors influence the optimal placement of aiming 
points for a given target situation, therefore a strategy 
involving aiming point patterns which vary as the delivery 
errors vary will be more effective than one that does not. 
The relationship between the optimal values of d^ and d^ 
for the Variable Aiming Point Strategy and the expected 
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fractional coverage of the target are sufficiently robust 
(i.e. insensitive to minor deviations) to allow simple 
modeling procedures such as linear regression with first 
and second order equations to adequately model these 
relationships. 
Recommendations 
It is recommended that a study be initiated to verify 
and expand upon the conclusions of this study using actual 
data and field teating with artillery weapons. The goal of 
such an investigation should be the evaluation and further 
development of a variable aiming point strategy which takes 
full advantage of current knowledge of ballistics and 
delivery error distributions as well as current weapon evalu­
ation modeling techniques; and that could be incorporated 
into the Battery Computer System. 
Making use of the relationship between the range to the 
target and delivery errors for a specific set of powder charges, 
this study produced an aiming point strategy in which the param­
eter "range to target" represents the delivery error distribu­
tions. The models used in this strategy adequately estimate 
the optimal values for spacing between aiming points only if 
the assumed powder charges are used (i.e. only if the delivery 
errors remain properly associated with range.) Further study 
should be aimed at developing a strategy which involves the 
delivery error distributions directly. Such a strategy should 
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provide more accurate estimates of the d^ and values and 
would be free of the limiting restriction to a specific set 
of power charges. 
A further recommendation is that future studies 
expand the investigation of variable aiming point strategies 
to include the entire spectrum of weapon systems, ammunition 





T H I S A P P E N D I X C O N T A I N S T H E I N P U T P A R A M E T E R S U S E D I N 
T H E C O M P U T E R P R O G R A M T O G E N E R A T E T H E O B S E R V A T I O N S U S E D I N 
T H I S T H E S I S . T H E I N P U T G U I D E B E G I N N I N G ON L I N E A 2 2 O F T H E 
C O M P U T E R P R O G R A M ( S E E L I S T I N G I N A P P E N D I X C ) C O N T A I N S I N P U T 
I N S T R U C T I O N S F O R T H E M O D E L W I T H D E S C R I P T I O N S F O R E A C H V A R I A B L E . 
T H E F O L L O W I N G V A L U E S F O R I N P U T P A R A M E T E R S W E R E U S E D 
F O R A L L O B S E R V A T I O N S : 
I F L A G 0 
I F L A G 2 1 2 
N C A S L E V 0 
C A S I N ( I ) N O T U S E D 
N U M 1 
N P O S T 0 
N V S 1 
N T L E 1 
N N ( 1 ) 1 





S U 1 0 . 
S U 2 0 . 
R E L 0.95 
D S 0 . 2 
D P 0 . 2 
9k 
DC 0 . 2 
T L E ( 1 ) 0 . 
A A L S 6 0 0 
A A L P N O T U S E D 
A A L C N O T U S E D 
R R A T S 2 . 0 
R R A T P N O T U S E D 
R R A T C N O T U S E D 
D T Y P E P 
E E 1 N O T U S E D 
E E 2 N O T U S E D 
W W 1 N O T U S E D 
WW 2 N O T U S E D 
C N B N O T U S E D 
R E L S U B N O T U S E D 
T H E F O L L O W I N G V A L U E S F O R I N P U T P A R A M E T E R S W E R E 
V A R I E D A S I N D I C A T E D B E L O W : 
N V A R I E D W I T H B A T T E R Y S I Z E B E I N G 
S I M U L A T E D . 
TWO G U N B A T T E R Y 2 
F O U R G U N B A T T E R Y k 
S I X G U N B A T T E R Y 6 
N T S V A R I E D A S R E Q U I R E M E N T S D I C T A T E D , 
U S U A L L Y R A N T E N T A R G E T S I Z E S P E R 
C O M P U T E R R U N . 
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NRG v a r i e d as requirements d i c t a t e d , 
u s u a l l y ran one range p e r computer 
run. 
A ( I ) , B ( I ) the va lue zero was input f o r A ( I ) 
and B ( I ) i n order to genera te the 
ZERO P a t t e r n f o r each t a r g e t 
m i s s i o n . Other v a l u e s f o r these 
v a r i a b l e s v.-ere generated i n the sub­
r o u t i n e s accord ing to the requirements 
f o r each aiming p o i n t p a t t e r n i n ­
v e s t i g a t e d . 
A A 3 ( I ) . A A M l ) "the v a l u e s used f o r t a r g e t l e n g t h 
AA3 and t a r g e t width AA4 are i n d i c a t e d 
f o r each t a r g e t shape i n the OUTPUT 
DATA i n Appendix B. 
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Table A-l. Delivery Error Input Parameters 
Range DTYPE PER PED MPIR MPID 
4,000m • P 10. 3. 40. 11 . 
5,000m P 12 . 4 . 45. 13. 
6,000m P 15. 5. 50. 15. 
7,000m P 18. 6. 58. 18. 
8,000m P 23. 4. 60. 20. 
10,000m P 26. 6. 80. 30. 




This appendix contains the output data which was 
generated by the computer program. 
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TWO GUN BATTERY 
RANGE TO TARGET 1 LQQQ METERS 
TARGET SIZE : 2500 SQUARE METERS 
L/W TGT 3CS HORIZONTAL 3CS VERTICAL 
RATIO SHAPE 
•20 22 x 112 
.25 25 X 100 
.33 2 9 X 87 
.~0 32 X 79 
.50 35 X 71 
1.00 50 X 50 
2.0 0 71 X 35 
3.0 0 67 X 29 
4. 0 0 100 X 25 
5.00 112 X 22 
0 CO V 0 COV 
56. 0 4. 87 11.0 5.45 
50. 0 5.19 12.5 5.78 
L 
T O . 5 5.57 14.5 6.14 
39 . 5 5.8 2 16 . 0 6.35 
35. 6.07 17.5 6.56 
25. 0 6.67 25.C 6.95 
1"". 5 6.92 35.5 7.00 
14. 6.88 43.5 6 . 85 
12. 5 6.80 5 0.0 6.68 
11. A 6.69 56 . 0 6.50 
L/W TGT ZERO 
RATIO SHAPE COV 
.20 22 X 112 5. t-6 
.25 25 V l\ 100 5. 80 
.33 29 X 87 6. 16 
.-0 32 X 79 6.37 
.5 0 3 5 x 71 6.3 8 
1.00 5 0 X 50 7.00 
2.0 0 i x X 35 7.10 
3.00 37 x 29 7.01 
^.00 100 x 25 6.90 
3.00 112 X 22 6.76 
PATTERN 1 PATTERN 2 
D COV D COV 
1.6 5.46 2.0 5.4c 
1.4 5.79 1.1 5 .80 
1.2 6.16 1.6 6.16 
1.2 6.3 7 1 . 3 6.37 
1.1 6.5 8 2. C 6.58 
1.4 7.CO 1.8 7.0C 
1.5 7.10 1. 5 7.10 
1.2 7.0 1 2. 4 7.01 
1.1 6.9 0 2.7 6 .90 
1.5 6 .76 3.1 6. 76 
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TWO GUN 3ATTERY 
RANGE TO TARGET I L00C METERS 
TARGET SIZ • 5000 SQUARE METERS 
L/W TGT BCS HORIZONTAL BCS VERTICA 
RATIO SHbPZ D COV O COV .20 32 X 158 79. 0 3, 88 16.0 ^.22 
.25 35 X 1^1 70.5 . 18 17.5 ^ .62 
.33 -1 X 122 61.0 57 20.5 5.03 
.-0 - 5 X 112 55. 0 8 C 22.5 5.3^ 
• 5 0 50 X 100 5 0.0 5.10 25.0 3.6-
1.00 71 X 71 35. 5 5.8^ O > * > 6.23 
2.00 100 X 50 25. 0 6.19 50.0 6.29 
3.0 0 122 X 4 20.-3 6.15 61.0 6.07 
^.0 0 1-1 X 35 17,5 6.02 70 . 5 5.81 
3 • GO 158 X 32 16. 0 5.82 79.0 5.5* 
L/W TGT ZERO P ATTEi 1 PATTE RN 2 
RATIO SHAP COV O COV D COV 
.20 32 X 138 2.0 <*.2H- 1.3 - . 2 * 
• 25 . 3 5 X 1-1 63 ' 1.7 ^.53 1.5 -.63 
.33 -1 X 122 5.11 1.7 5.11 l . t 5,11 
. ̂ 0 ^5 X 112 5.37 1.6 5.3 7 i • 6 5.37 
.50 50 i 100 5.68 i . . »* 5.63 i . i - 5.68 
1.00 71 X 71 6.33 1.1 6.33 2.1 6.33 
2.00 10 0 X 50 6.50 1.* 5.50 2."? 6.5 0 
3.0 0 1 7 ? 
-4- I_ 
X -1 6.37 1.1 6.37 5. Q 6.37 
^.00 I-I X 35 6 .13 1.5 6.13 16.6 6 .18 
5.00 15 8 X 32 5 . 95 1.3 5 .9 5 21.1 5. 96 
101 
TWO GUN BATTERY 
RANGE TO TARGET 1 4Q0G METERS 
TARGET SIZ rn • 10000 SQUARE METERS 
L/W TGT BCS HORIZONTAL 8CS V ERTICA 
RATIO SHAPE O COV 0 COV 
• 20 4 5 X 224 112. 0 2. 96 22,5 3.01 
• 25 50 X 200 10 0.0 • 3.22 25.0 3.34 
.33 5 8 X 173 8 6.5 3.55 29.0 3 .78 
. 4 0 63 X 158 79.0 3.76 31.5 4 . 0 5 
.50 7 1 X 141 70.5 4,02 35.5 4.38 
1.00 10 0 X 100 50 . 0 4,73 50.0 5.09 
2.0 0 141 X 71 35.5 5. 08 7 0.5 5.16 
3.0 0 173 X 58 29. 0 5.0 0 86 .5 4 . 89 
4.0 0 20 0 X 50 25.0 4,31 100.0 -.61 
5.00 224 X ^5 22.5 57 112 . 0 -.35 
L/W TGT ZERO PATTERN 1 PATTE RN 2 
RATIO 3 HAP COV • COV D COV 
.20 T 5 X 224 3.03 60.9 3,07 2.2 3,03 
.25 50 X 200 3. 37 43.0 3.3 9 A L X • T 3. 37 
.33 5 8 X 173 3. 82 2.4 3.82 2. 0 3.3 2 
.40 63 X 158 4. 11 3.2 4.11 2.2 4,11 
• 50 71 X 141 4 . u6 2.8 4.46 2.1 4.46 
1.00 100 X 100 5.28 1.4 5.28 2.7 5.28 
2.00 141 X 71 5.50 1.1 5.50 10.8 5.50 
3.00 17 3 X 58 5.31 1.6 5.3 1 24, L 5.3 2 
-.00 200 X 50 5. 04 1.4 5.04 33.4 5.07 
5.00 224 X 45 4,76 1 .6 4.76 37.7 4. 80 
102 
TWO GUN 3ATTERY 
RANGE TO TARGET : 
TARGET SIZE : 
6000 METERS 
2500 SQUARE METERS 
L/W TGT BCS HORIZONTAL BCS VERTICAL 
RATIO SHAPE D COV 
•20 22 X 112 56*0 3,77 
•25 2 5 X 1 0 0 5 0.0 4.01 
•33 29 X 37 43.5 4 . 2 8 
.40 32 X 79 39.5 4.45 
.50 35 x 71 35.5 4.62 
1,00 3 0 X 50 25.0 5.0 4 
2.0 0 71 X 35 17 3 2 2 
3. 00 37 X 29 14.5 5,*23 
4.00 100 X 25 12.5 5.20 




14.5 4 . 6 8 
16.0 4 . 82 
* "7 r* i. / • - 4.95 
25.0 5.22 
35.5 5.27 
43. 5 3.21 
50.0 5.12 
56.0 5 . 03 
L/W TGT ZERO 
RATIO SHAPE COV 
.20 22 X 112 4. 22 
.25 25 X 100 4. 45 
• 33 29 X 37 4.69 
.40 3 2 X 79 4. 83 
.50 3 5 X 71 4, 97 
i. 00 50 X 50 5,25 
A . O O 71 X 35 cr 7 >• 
3.00 3 7 X 29 3.31 
-.00 100 X 25 5.26 
5,00 112 X 22 5.19 
PATT ERN 1 PATTE RN 2 
O COV D COV 
1.5 4.22 2.3 ^.22 
1.4 4,45 2. 0 4.45 
1.2 4.69 2.2 ^.69 
1.2 4,83 2.3 4. 83 
1 .1 4,9 7 2. C 4. 97 
1.4 5.25 2.5 5.25 
1.5 5.34 2.1 5 . 3 4 
1.2 5.31 1.2 5.31 
1.1 5.26 2.0 5.26 
1.5 5.19 2. 2 5.19 
TWO GUN BATTERY 




.20 32 X 158 
.25 3 5 X 141 
• 33 T -4. X 122 .40 — V X 112 .50 50 X 10 0 
1.00 71 X 71 
2.00 100 X 50 
3.00 122 X 41 
-.00 14 1 X 35 
5.0 0 158 X 32 
L/W TGT 
RATIO SHAPE 
.20 32 X 158 
.25 35 X 141 
.33 41 X 122 
.^0 i» 4 X 112 .50 50 X 1G0 1.00 7l X 71 
2.00 1 u 3 X 50 
3.00 122 X 41 
4.00 
1-1 x 35 
3.00 158 X 32 
6 0 GO METERS 









4.51 25. 0 80
20.5 4.81 
17. 5 4.76 
16.0 4.66 
ZERO PATTERN 1 
COV 0 00\l 
3.37 2.2 3.37 
3.65 1.9 3.65 
3. 99 1.7 3.99 
4. 18 1.4 4.13 4.39 1*2 4.39 4. 84 1.5 4.8-
5.0 0 i .4 5.00 
4. 96 1.1 4.96 
4. 87 1.5 4.87 






2 0.5 3.98 
22 .5 
4.15 25.0 3635.3 
4.78 50.0 
4.87 61.0 - 7
7 C 5 4 .63 79.0 4 .47 




1.1 3. 99 
1.6 
4.18 1 . 8 
4,39 1. 1 4, 34 2.0 5.0 0 
2.4 4. 96 2.8 4. 87 2.2 4. 75 
1 0 4 
TWO GUN BATTERY 
RANGE TO TARGET J 60 CO METERS 
TARGET SIZE JlOOOO SQUARE METERS 
L/W TGT BCS HORIZONTAL 3CS VERTICAL 
RATIO SHAPE D COV 0 COV 
.20 45 X 224 112.0 2.34 22.5 2.44 
.25 50 X 200 100.0 2.54 25,0 2.70 
.33 53 X 173 86.5 2,80 29.0 3.G5 .40 63 X 153 79.0 2.97 31.5 3.26 
.50 71 X 141 70.5 3.18 35.5 3.51 
1.00 100 X 100 50.0 3.77 50.0 
2.0 0 141 X 71 35. 5 4.H 70.5 
3.00 173 X 53 29.0 4.12 86.5 4.05 
4,00 200X 5 0 25.0 4.Q3 10C.0 3.86 
5.0 0 22 4 k 45 2 2.5 3.9 0 112.0 3.67 
4 ,03 4.2 0 
L/W TGT ZERO 
RATIO SHA PE COV 
.20 4 5 X 22* 2.46 
.25 5 0 X 200 2. 72 
• 33 3 8 < 1 ?3 3.08 
• 40 63 X 138 3.30 
.50 71 X 141 3.56 
1.00 100 X 100 4. 19 
2.00 141 X 71 4.42 
3.00 173 X 58 4. 34 
4.00 200 X 50 4. 20 
5.00 224 X 45 4.0 3 
PATTERN 1 PATTERN 2 
D COV O COV 
4 5 . 4 
2 .46 2.2 2. 4 c 12 .4 .72 2 . 5 2. 72 
2.4 3.08 2.0 3 .08 
3.2 3.3 0 3.1 3.30 
1.7 3.56 1. 5 3.56 
1.4 4.18 1 i 
X . — 4.19 1.1 4.42 2.8 4.42 
1.6 4.3 4 2.1 4. 3 4 1.4 4.20 5.3 4.20 2 4 ,C 3 17. 2 4.03 
105 
TWO GUN BATTERY 
RANGE TO TARGET s 8000 METERS 
TARGET SIZE : 2500 SQUARE METERS 
L/W TGT 
RATIO SHAPE 
• 20 22 X 112 
• 25 25 X 100 
• 33 29 i 37 
• -0 32 X 79 
• 50 3 5 X 71 
1.00 5 0 X 50 
2,00 71 X 35 
3 « G 0 3 7 X 29 
-.00 10 0 X 25 
5.00 112 X 22 
BCS HORIZONTAL 
0 COV 56. 0 2.96 
50. 0 3.12 
43. 3. 31 
39. c 3.43 
35. 3.5 5 
25. 0 3.8 2 
17. c 3. 95 
1 4 , 5 3 . 96 
12. 5 3.9 5 
11. 0 3.9 3 
BCS VERTICAL 
0 COV 11 .0 3.29 
12 . 0 3.44 
14 . 5 3 .59 
16 . 0 3.68 
17 • 5 3 .76 
25 .0 3.93 
35 3 .97 
43 , 5 3 . 94 
50 .0 3,9 0 
5 6 .0 3 .84 
L/W TGT ZERO PATTERN 1 PATT ERN 2 
RATIO SHA PE COV O COV • COV 
.20 22 X 112 3. 29 1.6 3.29 2.8 3. 29 
• 2 5 25 X 100 3 . 4 4 1.4 3.44 2.8 3.44 
• 33 29 X 37 3.60 1.2 3.6 0 1.6 3. 60 
.-0 3 2 X 79 3.69 1.7 3.69 1.8 3.69 
• 50 3 5 X 71 3 . 77 1.1 3.7 7 2. 0 3. 77 
1.00 5 0 X 50 3.95 1.4 3.95 2.5 3 . 95 
2*0 0 T A X 35 4.02 X • 0 4.0 2 2.1 4.02 
3.00 87 X 29 4.01 1.2 4.01 2.4 4,01 
4.00 100 X 25 3.99 1.4 3.99 1.2 3.99 
5.00 112 X 22 3.96 A . ~ 3.95 1.5 3.96 
TWO GUN BATTERY 
RANGE TO TARGET : 8 000 METERS 
TARGET SIZE l 5000 SQUARE METERS 
L/W TGT BCS HORIZONTAL BCS VERTICAL 
RATIO SHAPE O COV O COV 
.20 32 X 158 79.0 2.-0 16.0 2.70 
.25 35 X l4l 70 . 5 2.53 17.5 2 .90 
• 33 -1 X 122 61.0 2.8 1 20 . 5 3.13 
• 40 ^5 X 112 56,0 2.93 22.5 3.25 
• 50 5 0 X 100 50.0 3.10 25.0 3.39 
1.00 71 \J 71 35. 5 3. 49 35 .5 3.67 
2.00 100 X 50 25.0 3.70 50.0 3.74 
3.00 122 X 41 20 . 5 3.72 61.0 3.69 -•00 1-1 X 35 17.5 3.71 70.5 3 . 61 
= •00 15 8 X 32 16.0 3.66 79.0 3.52 
L/W TGT ZERO 
RATIO SHA PE COV 
.20 32 X 158 2. 70 
.25 35 X 141 2.91 
.33 4 1 X 122 3.14 
.40 45 X 112 3. 27 5  5 0 X 100 3.41 
1.00 71 X 71 3. 71 
2.00 100 X 50 3.83 
3.00 122 X 41 3. 81 
4.00 141 X 35 3.77 
5.00 158 X 32 3. 71 
PATTERN 1 PATTERN 2 
D COV 0 COV 
2.2 2.7 0 1. 8 2.70 
1.9 2.9 1 2.0 2.91 
1.7 3.14 2.9 3.14 
1.6 3.27 2.2 3. 27 
X • - 3.41 1.8 3.41 
1.1 3.71 2.1 3.7i 
1.4 3.8 3 2.7 3. 33 
1.1 3.31 2.4 3.81 
1.5 3.77 2.3 3.77 
1.8 3.7 1 2.2 3.71 
107 
TWO GUN BATTERY 
RANGE TO TARGET • 8000 METERS 
TARGET SI2 : 1 0 000 SQUARE METERS 
L/W TGT 8CS HORIZONTAL BCS VE RTICA 
RATIO SHAPE D COV D COV 
.20 45 X 224 112.0 1.87 22.5 2.01 
.25 5 0 X 200 100.0 2.0 3 25.0 2.22 
.33 5 8 X 173 8 6.5 2.24 29. 0 2 . 48 
.40 53 X 158 79.0 2. 37 31. 5 2.64 5  71 X 141 70.5 2.54 35.5 82 
1.0 0 100 X 100 50.0 3.00 50.0 3.23 
2.00 141 X 71 35.5 3.2 8 70.5 3.34 
3.0 0 173 X 58 29.0 3.31 36.3 3.2 6 
-.00 200 X 50 23.0 3. 27 1 JC. 0 3.14 
5.00 224 X 45 22.3 3.2 0 112.0 3.0 2 
L/W TGT ZERO PATTE RN 1 PATTE R N 2 
RATIO SHA P COV .0 COV D COV 
.20 4 5 X 224 2.02 13.9 2.02 3.1 2.02 
.25 5 0 X 200 2.23 5.5 2.2 3 3.5 2.23 
.33 53 X 173 2.50 2.4 2.50 2.0 2.50 .-0 6 3 X 158 2. 67 2 2.67 2 . 2 2. 67 .50 71 X l4l 2. 86 2 .3 2.36 . - 2 . 36 
1.0 0 100 X 100 3.30 1.4 7 "? n 2.7 3.30 2.00 1-1 x 71 3. 48 1 3.48 2.3 3.48 3.00 173 X 58 3.46 1 .5 4 6 3.4 6 
4.0 0 200 X 50 3.39 1.8 3.39 4. 0 3.3 9 
5.00 224 X 45 3. 29 1.2 3.29 3. C 3.29 
1 0 8 
FOUR GUN BATTERY 
RANGE TO TARGET 5 
TARGET SIZE 5 
4000 METERS 
2500 SQUARE METERS 
L/W TGT 
RATIO SHAPE 
.20 22 X 112 
.25 25 X 100 
.33 29 X 87 
. 4 0 32 X 79 
.50 35 X 71 
1.00 50 < 50 
2.00 71 X 35 
3.00 8 7 X 29 
4.Q0 100 X 25 
5.00 112 X 22 
BCS PATTERN 
D(l) 0(2) COV 
11.0 56.0 9.20 
12.5 50.0 9.77 
14.5 ^3.5 10.4-
16.0 3 9.5 10.87 
17.5 3 5.5 11.31 
25.0 25.0 12.37 
35.5 17.5 12.78 
43.5 14.5 12.67 
50.0 12.5 12.47 
5 6.0 11.0 12.2 0 
ZERO PATTE RN 1 
COV 0 COV 
10.14 1.3 10.13 
10 .75 1.2 10.74 
11.4Q 1.0 11 . 39 
11.78 11 .77 
12.14 1.4 12 .13 
12. 83 1.5 12.3 7 
13.04 1.1 13. 0 3 
12.36 1.5 12 . 3 3 
12.65 1.3 12.6 4 
12.4Q 1.1 12 . 4 Q 
L/W PATT ERN 2 PATTERN \j PATTERN 4 
RATIO D COV 0(1) 0 (2) CO V 0(1) 0(2) COV 
.20 3.2 10.14 19, 0 1. 5 10. 15 19.8 1. 5 10.14 
.25 9.0 10.76 20.3 1 . 4 10, 76 2 3.2 1 . 4 10.76 
.33 9.3 11.41 21.9 1.2 11. 42 2 5.9 1.2 11.41 
.-0 9.- 11.80 22.5 1. 1 11. 80 28.8 * T x . C 11 . 30 
• 50 1G.3 12.17 22.8 1. 5 12. 17 31.5 1.5 12.17 
1.00 11.1 12.92 26.7 1.1 12. 93 3 4 . 6 1.1 12.92 
2.00 12.9 13.10 29.1 1.2 13.11 38.7 1. 2 13.10 
3.00 13.6 12.95 33.8 1. 0 12. 96 42.(3 1.0 12.95 
4.00 1 4 . 3 12.76 32 . 4 1 . 4 12. 77 4 4 . 5 1 . 4 12.75 
5.00 1 4 . 7 12.53 34.6 1. 2 12. 54 46. 3 1.2 12.52 
109 
FOUR GUN B A T T E R Y 
RANGE TO TARGET : 4000 M E T E R S 
TARGET SIZE s 5 000 S Q U A R E ME TERS 
L/W TG T 8CS PATTERN ZERO PATT ERN 1 
RATIO SHAPE 0(1) 0(2) COV COV O COV 
.20 32 X 158 16.0 79.0 7.39 7.90 6.7 7.90 
.25 35 X 141 17.5 70.5 7 , 9 4 3.63 1.1 3.63 
.33 41 X 122 20 . 5 61.0 8.64 9.51 1 . 4 9.50 
.-0 -5 X 112 22 . 5 5 6.0 9.04 9. 93 1.3 9.97 
.50 50 X 100 25.0 50.0 9.57 1 0 . 5 4 1.2 1C .54 
1.00 71 X 71 3 5.5 3 5.5 10.85 11 . 68 1.4 11.68 
2.00 100 X 50 50 .0 25.0 11.37 11 .96 1.5 11 .95 
3.00 122 X 41 61.0 2 0.5 11.17 11 .71 1.3 11.70 
4.00 1-1 X 35 70 . 5 17.5 10.8 0 11.35 1.1 11.34 
5.00 15 8 X 32 79.0 16.0 10.34 10.93 1.6 10.92 
L/W PATTERN 2 P A T T E R N 3 P A T T E R N 
RATIO D COV 0(1) 0 (2) CO V D(l) • (2) COV 
.20 5.8 7.91 15, 1 9. 8 7. 91 20,7 1 6 . 4 7.91 
.25 7.2 8.64 17.5 1.0 3 . 6 4 2 2 . 6 1. 0 8.64 
.33 8.5 9.51 19.8 1. 7 9, 52 2 5.1 1 . 7 9.31 
.40 3.2 9.99 21.2 •i c x . 9. 99 23.8 -. c 
X » 
9 .99 
.50 9.1 10.56 22.6 1 . 4 10.56 29.G * / i . X . — 10.36 
1.00 11.1 11.72 28.9 1. 5 11.73 32 . 0 1 . 5 11 . 7 2 
2.00 X 4 • w 12.03 32.0 1. 1 12 . 06 42.8 1.1 1 2 . 0 4 
3.00 13.1 11.83 34.7 1 . 4 11. 34 43.8 4 i X . * r 11.82 
4.0 0 17.1 11.51 38.2 1.2 11 . 52 52.8 1.2 11.50 
5.00 13.9 11.13 41.6 1.1 11. 14 58,7 1.1 11.12 
110 
FOUR GUN 3 A T T E R Y 
RANGE TO TARG ET : 4000 ME T ERS 
TARGET SIZE J100GQ SQUARE ME TERS 
L/W TGT BCS PATTERN ZERO • PATTE RN 1 
RATIO SHAPE O(i) 0(2) COV COV D COV 
.20 45 X 224 22.5 112.0 5.66 5.67 31.6 5.34 .25 5 0 X 200 25.0 100.0 
6 • 1 4 6.3 0 24,3 6 40 • 33 58 X 173 2 9 . 0 86.5 .74 7 . 14 15.7 7 . 16 , H O 53 X 158 31.3 7 9.0 7.11 7.67 6.4 .67
• 50 71 X 141 35.5 70.5 7.56 8.31 1.1 8.31 
1.0 0 10 0 X 100 50.0 50 . 0 8.73 9.79 1.2 9.79 
2.00 141 X 71 70 .5 35.5 9.12 10.17 1.4 10.16 3.00 173 X 58 8 6 . 3 29,0 8.82 9.79 1 9.^9 
4.00 
20 0 X 50 100.0 25.0 3.41 9. 29 1.5 9.28 
3 224 X 45 112.0 22.5 3 .0 Q 8. 77 1.4 8 .76 
L/W PATTERN 2 PATTERN 3 P A T T E R N 
RATIO O COV 0(1) 0 ( 2 ) CO V 0(1) D(2) COV 
.20 7. 8 5. 67 2. 1 
7 3 . 4 5. 87 4 , 1 93.6 3.33 • 25 6 . 9 6. 30 2. 0 59, 8 6 • 42 6.5 7 3 . 4 6 .39 
• 33 3.0 7. 14 3 . 9 
3 7.4 7. 17 19.6 44,3 7.16 • -0 3.1 7,68 20. 2 1, 2 7.68 25.9 13.3 T . 6 3 .50 9,0 8,32 22 . 0 1. C 8. 32 27.6 1. 0 8.32 
1.00 1 2 . 4 9.33 23 . 8 1.4 9. 8 4 37.9 1.4 9,33 2.00 16. 3 10, 28 7 7 YJ 1 . 2 <! c 10. 29 5 0 . 5 5 10.28 
3.00 1 9 . 4 9, 98 42 . 6 1.2 9. 99 6 0.6 1.2 9 . 98 
4.00 2 2 . 0 9,55 
4 7 . 1.1 9. 56 70.1 1.1 9,54 
5 25.1 9, 09 5 1 . 1. 6 9. 08 78.5 1.6 9,0 7 
0 
I l l 
FOUR GUN BATTERY 
RANGE TO TARGET : 60CC METERS 
TARGET SIZE : 2500 SQUARE METERS 
L/W TGT BCS PATTERN ZERO PATTE RN 1 
RATIO SHAPE 0(1) 0(2) COV COV D COV 
• 20 22 X 112 11.0 56. 0 7.21 7.96 1.3 7 .96 
• 25 25 X 100 12.5 50 .0 7.63 8.38 1.2 8,38 
• 33 29 X 87 14.5 -3.5 8.12 8,33 1.0 3.3 3 
• 40 32 X 79 16.0 39.5 8,4 3 9.09 1.5 9.08 
• 50 3 5 X 71 17.5 35.5 8.7- 9.34 1.4 9.3 3 
1.00 50 X 50 25.0 25.0 9.47 9.85 1.5 9.34 
2.00 71 X 35 35.5 17.5 9.73 10.01 .4 J X • i. 10.01 3 . 0 0 • 87 X 29 43.5 14.5 9.75 9.95 1.5 9.94 
-.00 100 X 25 50.0 12.5 9.66 9.85 1.3 9.35 
5,00 112 X 22 56.0 11.Q 9.53 9.73 1.1 9.73 
L/W PA TTE RN 2 PATTERN 3 PATTERN 4 RATIO D COV 0(1) 0(2) COV 0(1) 0(2) GOV 
.20 1.5 7.96 2.2 1. 5 7. 96 3. 2 1. 5 7.96 .25 X • w 3 38 3.7 1.4 3. 33 1.9 1.4 3.33 • 33 1.9 3. 83 2 6 1.2 3. 33 3.9 1.2 8.83 
.40 1.6 9, 09 1.5 1.1 9, 0 9 2.0 1.1 9.09 
.50 1. 5 9,34 3.2 1. 5 9. 34 4.8 H C X . ~* 9.34 
1.00 2,8 9. 85 3.2 1.1 9. 35 2.0 1.1 9.35 
2.00 6.9 10.01 1 o . *i 1.2 10. 01 20.0 1.2 10.01 
3.00 3, 9 9.95 20.0 1. 0 9. 95 25.1 1.0 9.95 
-.00 9.3 9.86 24,0 1.4 9. 86 28.8 1.4 9. 36 5.00 10.4 9.74 .9 1.2 9. 74 32.3 1.2 9.74 
1 1 2 
FOUR GUN BATTERY 
RANGE TO TARGET I 6000 METERS 
TARGET SIZE : 5000 SQUARE METERS 
L/W TG T BCS PA TT ERN ZERO PATTE RN 1 
RATIO SHAPE 0(1) 0 (2) COV COV O COV 
.20 32 X 158 16.0 79.0 5.83 6.37 1.5 6 .37 
.25 35 X 1^1 17.5 7 0.5 6.26 6 . 91 1.1 6.91 
.33 41 X 122 20.5 61 . 0 6.80 7 . 54 1.4 7,5 — 
.40 4 2 X 112 22.5 56.0 7.11 7.88 1.3 7.88 
.50 50 X 100 25.0 50.0 7.52 8.28 1.2 8 . 2 8 
1.00 71 X 71 3 5.5 35.5 8.49 9.11 1.4 9.10 
2.00 100 X 50 50.0 25.0 8.94 9. 39 1.5 9.38 
3.0 0 12 2 X 41 61.0 20.5 8.89 9.30 1.3 9.30 
4.00 141 X 35 70.5 17.5 8.7 1 9.13 1.1 9.13 
5.0 0 158 X 32 79.0 15.0 8.46 3.91 1.6 8.90 
L/W PATTE RN 2 PA TTERN 3 PATTERN 4 
RATIO • COV 0(1) 0(2) CO V D (1) 0(2) COV 
.20 2.1 6. 37 2.9 1.2 6. 37 4 , 4 1.2 6.37 
.25 2.0 6.91 3.2 1.0 6. 91 3.2 1. 0 6.91 
.33 1.3 7 C I. / . ~> T 3.7 x • I 7. 54 3.7 1.7 F • 0 4 
• 40 1. — 7.88 4 ^ 1. 5 7. 88 2.1 1.5 7.3 8 
.50 1. 5 8.23 1.4 1.4 3. 23 2.8 1 . 4 8.28 
1.00 3.6 9.11 11.6 1. 5 9. 11 6.0 1.5 9.11 
2.00 9.1 9.39 21.2 1.1 9. 39 25.7 1.1 9.39 
3.00 11 .1 9.31 26.7 1.4 9. 31 33.5 1.4 9.31 
4 , 0 0 12.3 9,15 29.9 1.2 9. 15 39.7 1.2 9.15 
5.00 l-.fc 8.94 34.1 1.1 3. 94 4 4 . 5 1.1 8.93 
1 1 3 
FOUR GUN B A T T E R Y 
RANGE TO TARGET s 6000 METERS 
TARGET SIZE 310000 SQUARE METERS 
L/W TGT BCS PATTERN ZERO PATTE RN 1 
RATIO SHAP c D(l) 0(2) COV COV D COV 
.20 45 X 224 22.5 112. 0 4.51 4,66 26.0 4.72 
.25 50 X 20 0 25.0 100.0 4.89 5.16 18.1 5.19 
.33 5 8 X 173 29.0 36.5 5 .37 5.33 2.3 5.33 
.40 63 X 158 31.5 79 . 0 5.6 8 6.25 1.5 6.25 
• 50 71 X 141 35.5 70.5 6.05 6.74 1.1 6.74 
1.00 10G X 100 50.0 50.0 7.0 6 7.39 1.2 7.39 
2.00 141 X 71 70 .5 35.5 7.53 8 . 31 1.4 8. 3 0 
3.00 173 X 58 86 .5 29.0 7.42 8.16 1.1 8.16 
4.00 20 0 X 50 100 .0 25.0 7.16 7.39 1.5 7.33 
5.00 224 X 45 112.0 22.5 6 . 8o 7.57 1.4 7.5 7 
L/W PATTERN 2 PATTERN 3 PATTERN 
RATIO O COV 0(1) D(2) COV 0(1) 0(2) COV 
.20 1.9 4,66 2. 9 62.0 4 . 73 2.9 77.5 4 r> — • t c 
.25 1. 5 5.16 2. 8 44,2 5. 19 1 . 4 54.4 5 . 19 
• 33 2.0 5.83 3. 2 1.1 5. 33 4 , 9 1.1 5.33 
• 40 1.2 6.25 •i 
j*.. 
8 1.2 6. 25 2.4 1.2 6.2 3 
.50 2. 5 6.7- 4 • 0 1. 0 5. 74 4.0 1.0 6.74 
1.0 0 -.7 7.89 13 . 5 1.4 7. 89 13.5 1.4 7.39 
2.00 11.7 3.32 28.9 1.5 3. 32 35.8 1.5 3.3 2 
3.00 15.7 8. 19 35. 4 1.2 8. 19 47. o 1.2 3.19 
4.0 0 13.1 7.94 41 . 7 1.1 7. 95 57.0 1.1 7 .94 
5.00 20.3 7,65 4/ • 4 1.6 7. 65 65.2 1.6 7.64 
1 1 4 
FOUR GUN BATTERY 
RANGE TO TARGET * 8000 METERS 
TARGET SIZE 2500 SQUARE ME TERS 
L/W TGT BCS PATTERN ZERO PATTERN 1 
RATIO SHAPE D(l) 0(2) COV COV O COV 
• 20 22 X 112 11.0 5 5.0 5.72 6.31 1.3 6.30 
. 25 25 X 100 12.5 50.0 6.03 6.59 1.2 6.59 
• 33 29 X 87 14.5 43.5 6.38 5 .89 1.0 6.39 
• 40 32 X 79 16. 0 39.5 6.5 9 7.06 1.5 7.05 
• 5 0 35 X 17 .5 35.5 6.81 7.22 1.4 7.22 
1.00 50 X 5 0 25 .0 25.0 7.29 7. 56 1.5 7.55 
2.00 71 X 35 35.5 17.5 7.4 9 7.68 1.1 7.58 
3.00 87 X 29 43.5 14.5 7.48 7.66 1.5 7.65 
4 . 0 0 100 X 25 50.0 12.5 7.43 7.61 1.3 7.61 
5.00 112 X 22 56.0 11.0 7.36 7.56 1.1 7.55 
L/W PATTE RN 2 PATTERN 3 PATTERN 4 
RATIO D CO V 0(1) 0(2) COV 0 (1) 0(2) COV 
.20 1.1 6. 31 2. 2 1.5 6.30 1.6 x » - 6.31 
• 25 1.3 6.59 1. 4 1.4 6. 59 1.9 1 . 4 5.5 9 
• 33 * c x . 6.89 1 * 8 1.2 5. 89 2.6 1.2 6.89 
• 40 1.6 7.06 2. 0 1.1 7. 06 2.9 1.1 7.06 
• 50 j . . 7.22 2. 2 1.5 7.22 2.2 1*5 < . C c 
1.00 X . -< 7.56 c . 0 1.1 7. 56 2.8 * X . X 7.56 
2.00 1 . 4 7.63 2.7 1.2 7.68 2.0 1.2 7.6 3 
3.00 1.0 7.66 2. 0 1.0 7.66 1.5 1.0 7.66 
4.00 1.2 7.61 2. 5 1. 4 7. 61 1.8 1, 4 7 • b 1 
5.00 7.56 2. 0 1.2 7.56 2.7 1.2 7.56 
115 
F O U R G U N B A T T E R Y 
R A N G E T O T A R G E T : 8000 M E T E R S 
T A R G E T S I Z E * 5000 S Q U A R E M E T E R S 
L / W T G T B C S P A T T E R N Z E R O P A T T E R N 1 
R A T I O S H A P E 0(1) O (2) C O V C O V O C O V 
• 20 32 X 158 16.0 79.0 4 . 6 7 5.19 1.2 5.19 
• 2 5 3 5 X 141 17.5 7 0.5 5 .00 5.58 1.4 5.5 3 
.33 4 1 X 122 20 . 5 61.0 5 .42 6.0 3 1 . 4 6.03 
.^Q •4 5 X 112 22.5 5 6.0 5.66 6 • 26 1.3 6.26 
• 50 50 X 100 25. 0 50.0 5 .96 6.54 1.2 6.54 
1,00 71 A 71 35 . 5 3 5.5 6.65 7 , 10 1.4 7.1Q 
2.00 10 0 X 50 50.0 25.0 6.97 7.32 1.5 7.31 
3.0 0 12 2 X 41 61.0 2 0.5 6.96 7.29 1.3 7.29 
4.Q0 1-1 x 35 70 .5 17.5 6.37 7.21 1.1 7.21 
5.00 15 8 X 32 79.0 16.0 6.73 7.09 1.6 7.09 
L/W P A T T E R N 2 P A T T E R N 3 P A T T E R N 
R A T I O D C O V O (1) D (2 ) C O V 0(1) D (2) C O V 
.20 1 . 6 5.19 2.0 1. 2 5. 19 2.9 1.2 5.19 
• 25 1 . 1 5.58 2.2 1.0 5.53 2.2 1.0 5.58 
.33 1.3 6.03 2.6 1. 7 6. 03 1.9 1.7 6.03 
.40 1 . 4 6. 26 1.6 6. 26 2.9 1 . 5 6.26 
.50 1 . 5 6.54 2.0 X • — 6.5 4 1.1 1.4 6.3 4 
1.00 1 . 8 7,10 1.5 1. 3 7. 10 2.7 1. 5 7.10 
2.00 1 . 6 7.31 2.5 1. 1 7. 31 1 . 4 1.1 7.32 
3.00 1. 9 7,29 2.2 1 . 4 7. 29 3.0 1 .4 7.29 
4,00 1 . 4 7,21 2.0 1.2 7. 21 3.0 1.2 7.21 
5.0 0 1.2 7. 09 1.2 1.1 7. 09 2.3 1.1 7.09 
1 1 6 
FOUR GUN 3ATTERY RANGE TO TARGET t 8000 METERS TARGET SIZE siOOOO SQUARE METERS 
L/W TGT RATIO SHAP E .20 45 X 224 .25 50 X 200 
.33 58 X 173 
. 40 63 X 1 58 
.50 71 X 141 
1.00 100 X 100 
2.00 141 X 71 
3.00 17 3 X 58 
-.00 20 0 X 50 
5.00 224 X 45 
L/W PATTE RN 2 
RATIO O COV .20 1.9 3.88 
.25 J . « „ 4.29 
.33 1.5 4,80 
.-0 . 1.6 5.12 
.50 1 . 3 5.49 
i. 00 1*6 6.33 2.00 1.4 6.67 
3.00 1 . 3 6.52 
4.00 1.5 6.48 
5.00 1.7 6.30 
BCS PATTERN 0(1) O (2) COV 22.5 112.0 3.64 25.0 100.0 3.94 
29.0 86.5 4.33 
31 .5 79.0 4.57 
35.5 70.5 4. 83 
50 .0 5 0.0 5.5 3 
70 .5 35.5 6.0 9 
86.5 29.0 6.06 
100.0 25.0 5.92 
112.0 22.5 5.7 2 
ZERO PATTERN 1 COV D COV 3. 38 17.7 3.90 
4.29 5.0 4.29 
4.81 1.7 
4.80 5.12 1.2 5.12 5.49 1.1 5 .49 
6.33 1.2 6 . 3 3 
6.67 1.4 6 .66 
6.52 1.1 6.62 
6.48 1.5 6.47 6.30 1.4 6.29 
PATTERN 3 PATTERN 4 
D (1) O (2 ) COV D (1 ) 0(2) COV 2.1 44,9 3. 90 2. 9 54,3 3.89 1,4 15.1 4. 29 2. 3 15 .1 4,29 
1.6 1.1 4. 81 1. 6 1.1 4,31 
2.4 1.2 5. 12 1. 3 1.2 5,12 
2.7 1.0 5. 49 4 , 0 1.0 3 .49 2.5 1.4 6. 33 3, c 1 . 4 6,33 
1.5 1.5 6.57 2. 0 1.5 6.67 
2.4 1.2 6. 62 3 . 6 1.2 6.62 
4 
* " . X 1.1 6. 48 1. 4 4 << X . X 6.48 
3.1 1.6 6. 30 7 . 0 1.6 6.3 0 
S I R R . R < n r F : . > Y 
R A N G E T O T A R G E T : ~ " j i - M L T H P S 
T A > T * . i i . ; . s o u A R E H U R s 
L / R T G r L A Z Y W e c H O P I 7 0 NT A L B C S V E R T I C A L Z E R O 
R A T I 0 R H / ; P ; ; C 0 7 R ( 1 ) D (?) C O V 0 ( 1) 0(2) COV C O V 
. i ) 
••> •" 3 R . 2 1 .A. ' ' » 0 2 . / ' 1 i j * 
7- 7 9.0 10.7 1G.-3 11 .10 
» -l - x R . 0 8 •1 j. • 0 1 2 7 0 .5 11.7 11.39 12.11 
* •' - i — 2 2 •:• . R 0 LR L„: • 1 R • 10 bl • U i - • 1 -I _ . o 13.31 
. 0 1 cl R . 3 i j 2 ?. . 'I- 7. 3 c 8 76 .0 I 7 . i ) 12.91 13.97 
, i! R 0 , \ - l i U 
• • . , - w 0 3 •  • 1 3 . :3 L .0 16.7 13 • b3 14.72 
i • u o ,' _ S 1 3 . : ; . S w Rb 7 1-. .5 23.7 15.-2 lb . 24 
2 -. 0 !') i o n ; U 5 . 1 7 i 0 . 0 \ r> • 1 f. • 11 •0 33.^ 16.17 16.58 
' j , ) 0 1 2 2 s -r 1 4 . R7 0 1 j • ^ •1 --. ^_ . 9.0 2 0 .5 - 0 . 7 15.93 16 .21 
• * - U i j — — -J '.. i- . 7 9 1 i i • i . i. • ' J L V » — 7 - 17 .5 ^7.0 15.^8 1R . 70 
7 . i j IJ : 3 :• .1 i l 7" 9 . l i 1 0 . ! X . 3 i • 1 6 .0 R 2.7 14.89 17 .12 
L / N P A T T : : R N P A T 7 E R N P A T f F : N P A T T E R N -
K A T 10 ) R 0 V i) COV !) ( 1) I ! ( ? ) C 0 V 0(1) 9 ( 2 ) 9 ( 3 ) C O V 
. • : u R , - 1 1 . 1 3 , 8 1 I . 1 3 r ' U „ R j A ,~ 1 1 • R i 28. u i % 3 Z9.6 11.21 
1 I * 
1 J. R . V 1 C • 2 1 3 z • I_ ! • > 1 KI • W •~, •VI1 X • -L 1 . V •" x • 12.22 
I . • .• . : 1 < . • 1 3 . 4 7 V o i • 3 13 « ^: f.. o'7.6 1.3 3 2 . 5 13 . . . 6 
. - 1 i i 4 "; 1 "1 . R 9 . 1 -•. i n ? . R i • 2 1 • I 3 3 . 4 1.2 3 3 . 2 14.12 
, 7 0 j . 1 .I. 1 "•* .'1 1 0 . 9 :. ' . 8 9 • .L .9 5 - .8 1.1 o ^ i G 14.92 
: . . o n i - '" il' 1 0 . 1 : L . 3 2 S3 a : • 38.- 1.2 37.2 16.5-
1 • > I 1'.' 11 . R 1 I. . i 8 • _R 17 • U 1 - . ~R 1 . 4 79.3 17.01 
X. •< .... , _ R .1 3 . i i t .7 1 L. i* • r - ' I t • i s 4 - . 9 1.1 R R 8 1 6 . 7 3 
- . i i i i 1 , 0 : ; 9 I ' . 9 1 v . 7 8 . 5 » • •*- i i • W u -.7.9 1.6 - - . 3 16.30 
- • i n . 1: 9 1 • • . 9 1 7 . 7 8 V;. 8 . 8 ••• • • F 8 > . •• 1 . 4 - R . R 17.78 
I—1 
gun !3att:!';y <cont [rr.f. n) 
2 A 2 
r a 3 1 / 0 1) 
2 T c" t 
2! A • A K M 2 T E i< 
L/W TGT P A T T r V N PA TT£ RN t- PA TTERN 7 
?A 110 SHAPE n {1 > 0 ( 2 ) C 0 V n ( i > U(2) D ( 3 3 COV 1) (1 ) 0(2) CO 7 
. 3 0 • J. 1. 7 8 j 9. 6 1 * 1 i i . ie .9 x . i. 30 .9 11. 17 16.3' 11. 20 
. A • 'j I 2 9 . 7' r. 
j. • 
1 2 . 1 7 . 8 1 •T: 3 . c 1?. 17 x • C 19.1 12 . 22 
41 > 1 <_ t". '1 » f o *- •' 1 '. 4 0 •N Q . G i. * -3 i. .9 2 3.-1 1 • ~* 20.2 13.-5 . • - (.) i 1. 2 •1 ,": ~7 
X . i.) ( 
.9 . •*• i . 2 1 . t : 1 L . 0 7 1 . 5 20.5 14.11 
- _ 0 JC . . » . 1 . 1 1 i. 8 7 -1 . A 1 . 1 I 14. 8/ ^ > X • 21.0 14 .90 
I l! U i 1 } V 1 37 . < 1 • 1 c. . 4 9 - 6 • ••/ 1 »2 1 • 16.49 1.1 2 3.2 16 . 53 
.00 : C I - 0 , 0 j • *• 16 .95 1 • 73 x • • * I . 4 16. 95 1. 4 c 5 . 9 17 .00 
*i - ij L; 122 ;• 4, 1 :> i;-.9 •i -i 1 . 7 16.68 1.1 27.8 16.72 1 - i 7 =- !•;: . n 1 . L 7 . 9 1 # r_ 1 . e 12 . c: 4 1.. 5 29.4 16.30 
r, j'; 1 2 8 . 8 . 2 1 * i- 1 3 . 7 7 2 1 • I . -i X • 2 1. 3 31. 8 15.78 
L / 'A 1 1 :1 N PAT TE RN Q PA TTh RN 10 
A 1 I 0 '"I ( . ) n ( 2) f) ( ) n ( 1) 0 ( 2) COV • ( ) 0 ( 2 ) D ( 3 ) COV 
• C. ? 7 . :•: . t: 3 7 * 1 J . 2 i 2 9 , i. • -r 4 1 , 0 9 2 0 „ 3 1 » 4 4 7 . 1 1 1 0 . 6 0 
A li . 9 L I c • J. j. - G 1 » <. x2. 11 1 0 1^ . 9 3 2 . 2 12C.21 
. 3 A ' , 1 1 H . 4 2 L i 2 . - <~ 1 • / 1 • X 1 * 7 !•>•• .5 3 3 . 9 1 3 . 4 ^ 
1 1 * '• J 1. r 1 . 3 1 '2 9 " ^ 13 . 9 3£ .2 1 L . 1 Q 
, : o u * ... 1 - . 9 i 1 . -< • ~~ 1 1".5 3 9 . 6 1 4 . 9 0 
. 2 i - f . 7 7: X X • c. 1 2 . 2 4 1 i 8 . a 3 9 . 5 i e. 5 3 
, u n 1 - 1 :1 * *:' i * 1 " . \] I, 1 20 m I 13 .93 •I • o ^ ; C X . * - 3 4 . 5 16 . 99 
. ij i'i 4.. . 1 2 8 . L j. t T. f , " t- i L • 7.) 1 c . 2 8 1 •4 • .» <_ — « i 3 6 . 9 16 r ? - 0 1; t. 8 1 • •1 e.. 2 9 C 27 .9 12 .2 <- 1 2 " . 4. 3 0 . b 1 2 . 2 8 
J. '* j 1 X 7 ij -' • « 1. 3 <-. • . .• 3 0 . 9 + ^ . ! 
SIX GUN BATTERY 
RANGE TO TARGET : 4000 METERS 
TARGET SIZE X I O O O O SQUARE METERS 
L/W TG T LAZY W BCS HORIZONTAL BCS VERTICAL ZERO 
RATIO SHAPE COV D(l) 0 (2) CO V 0(1) D (2) COV COV 
. 20 45 V 22- 6.12 22.5 74.7 7. 97 112.0 15. G 8.21 7.97 
. 25 50 X 200 6.21 25.0 66.7 3. 62 100 . 0 16. 7 8.89 8 . 85 
. 3 5 53 X 1 7 3 6.15 29.0 57.7 9. 46 36.5 19.3 9.74 10.03 
.40 6 3 / 153 6.05 31 . i 5 2.7 10.01 79.0 21.0 10.27 10.77 
.50 71 X 141 5.88 35 . 5 47. G 1 0. 66 7G .5 23.7 10.90 11. 65 
1.00 100 X 1 UU 5.33 50.0 3 3.3 1 2. 39 5 0.0 33.3 12.53 13.67 
2. O U l4l X 71 4.79 70.5 2 3.7 13. 01 3 5.5 47. 0 13.13 14.14 
3.00 173 X 5 8 4.43 8 6.5 19.3 12. 61 29.0 57.7 12.77 13.60 
4 , 0 0 200 X 5 0 4.13 100.0 16.7 1 2. U4 25.0 66. 7 12.23 12.39 
5. 00 22- A - '3 3.87 112. 0 13.0 11. 45 22.5 74.7 11.64 12.16 
L / W P A T T E R N -I j . P A T T E R N 2 P A T T E R N 3 P A T T E R N 4 
R A n o Q : - \ OV 0 COV Df 1) D(2) GOV O(i) 0(2) D(3) COV 
.20 22.1 8 .33 9.8 8.03 11.6 47. 5 8.40 1.6 4/ • 5 25.8 a. 41 
. 26 18.9 9 . 14 8. 5 8.92 20.1 37. 5 9.17 3.8 37. 5 34. 6 9.17 
.33 13.2 10 . 15 8. 9 10 . 11 27 .6 24.6 10 .20 11 . 9 24.6 35.5 10.20 
.-0 9,4 10 .81 9.6 10 . 87 31 .5 14. 8 10 .90 31 .9 14.8 31.9 10.90 
.50 2.1 •i •! X X . 6 5 10 . 1 11.78 34.3 1. 5 11.80 36 . 0 1.5 32 . 6 11.80 
1.00 1.1 X o .67 11.2 13 .92 3 8 .9 1. 1 13 .94 40.3 1. 1 36.5 13. 94 
2.00 1.3 1* . 1 3 13.3 14 . 59 45 . 1 1. 2 I T . tl 45.1 1.2 45.6 14.61 
3.00 1. 0 13 . 5 9 16.3 14 . 20 5 0.4 1. 0 1^.21 50.2 1. 0 50.4 14.21 
4 . 0 0 1 , 5 12 . 87 17.5 13.63 5- .3 1 * 4 13 .61 54. 4 1.4 54.3 13.61 
5 . 0 0 1. 3 12 . 1 U 19.6 1 3 . u 1 58.4 1. 3 12 .96 79.4 1.3 16.9 13.00 H h-1 
S I A G U N B A T T E R Y ( C O N T I N U E D ) 
RANGE TO TARGET J 4 0 0 0 METERS TARGET SIZF J 1 0 0 0 0 SQUARE METERS 
L/W TGT PATTERN 5 PATTE RN 6 PATTERN 7 RATIO SNAP L D(l) 0 ( 2 ) COV 0 ( 1 ) D(2) 0 ( 3 ) COV O ( 1 ) 0 ( 2 ) COV . 2 0 4 5  2 2 ^ 1 . 6 4 5 . 1 8 . 3 5 1 . 6 4 5 . 1 A3 . 5 8 . 3 8 7 9 . 3 6 . 0 8 . 4 3
> - 5 0 X 2 0 0 2 9 . 5 1 . 4 8 . 8 9 1 . 1 3 4 . 0 - 8 . 9 9 . 1 6 6 6 . 0 1 0 . 7 9 . 2 0 
. 3 3 5 8 > 1 7 3 3 1 • 0 F '5 1 0 . 0 9 3 4 . 6 •* o •A- * <_ 5 6 . 8 1 0 . 1 5 4 5 . 2 1 5 . 8 1 0 . 2 1 
, - 0 6 3 X 1 5 8 3 1 , 5 1 . I 1 0 . 8 5 37 . 6 1 . 1 A 0 . Q 1 0 . 8 6 2 8 . 6 1 8 . 4 1 0 . 8 9 
. 5 0 7 1 1 4 1 3 2 . 6 1 . 5 1 1 . 7 4 3 9 . 0 1 . 5 4 . 0 1 1 . 7 4 1 . 0 2 0 . 4 1 1 . 7 9 
1 . 0 0 1 0 0 1 0 0 3 8 . 2 1 . 1 1 3 . 9 0 4 8 . 0 1 . 1 1 . 8 1 3 . 8 9 1 . 4 2 3 . 6 1 3 . 9 3 
2 . 0 0 1 4 1 X 7 1 4 4 . 6 1 . 2 1 4 . 5 5 5 7 . 7 1 . 2 1 . 0 1 4 . 5 6 1 . 1 2 8 . 4 1 4 . 6 0 
3 . 0 0 1 7 3 / 5 8 4 9 . 3 1 . 0 1 4 . 1 7 6 5 . 0 1 . 0 1 . 2 1 4 . 1 8 1 . 6 3 3 . 6 1 4 . 2 1 
4 . 0 0 2 0 0 \ 5 0 3 4 . 3 1 . 4 1 3 . 5 6 7 2 . 4 1 . 4 1 . 4 1 3 . 5 9 1 . 4 3 6 . 5 1 3 . 6 4 
5 . 0 0 2 2 4 >' 4 5 5 8 . 2 1 . 3 1 2 . 9 2 8 1 . 1 1 . 3 1 . 6 1 2 . 9 7 1 . 2 4 0 . 9 1 3 . 0 1 
L/W PATTt PN 8 PATTERN 9 PATTERN 10 RATIO (3(1 ) 0 ( 2 ) O ( 3 ) COV D(l) 0 ( 2 ) COV 0(1 ) 0 ( 2 ) 0 ( 3 ) COV . 2 0 7 9 . 5 ? . 3 8 0 . 2 8.43 7 9 . 3 1 . 3 3 . 3 6 9 3 . 6 1 . 3 2 6 . 5 8 , 3 6 * £ - 66. 2 10 . 4 6 8 . 0 9 , 2 0 6 5 . 4 X • 4 9 . 1 1 7 5 . 1 1 . 4 3 5 . 4 9 . 1 1 
. 3 3 41. t> lb. 3 5 1 . 0 1 0 . 2 1 47,5 1 . 0 1 0 . 1 3 5 0 . 2 1 , 0 4 4 . 4 1 0 . 1 6 
. - 0 24. 0 11 » 7 3 6 . 2 1 0 . 8 9 3 1 . 3 1 . 1 1 0 . 7 8 3 0 . 7 1 . 1 4 9 . 9 1 0 . 8 5 
. 3 0 J- * 0 2 0 . 0 2 . 0 1 1 . 7 9 1 . 0 1 . 2 1 1 . 6 5 1 . 0 1 7 . 5 3 3 . 8 1 1 . 7 8 
1.00 1» 2 2 . 9 1 . 4 1 3 . 9 3 1 . 4 1 . 1 1 3 . 6 7 1 . 4 1 9 . 3 3 7 . 9 1 3 . 9 2 
2 . 0 0 i * 1 2 8 . 4 1 . 5 1 4 . b 0 1 . 1 1 .5 14.14 1 . 1 2 7 . 9 2^.2 14 . 5 8 3 . 0 0 1» 6 3 2 . 4 1 . 2 4,21 1.6 2 9 . ^ 1 4 . 1 7 1 . 6 3 1 . 9 2 4 . 8 1 4 . 2 0 
4 . 0 U 1. 4 3 6 . 3 1 . 4 1 3 . 6 4 1 . 4 3 4 . 0 1 3 . 6 1 1 . 4 3 4 . 0 2 7 . 3 1 3 . 6 2 
2.00 A X » - 1 . 3 1.6 1 3 . 0 1 •*. •> x . c 3 8 . 1 1 2 . 9 9 1 . 2 3 8 . .1 2 3 . 3 1 3 . 0 0 
SI A GUN BATTERY RANGE TO TARGET i 4000 METERS TARGET SIZE * 2 0000 SQUARE METERS 
L/W TGT LAZY W OCS HORIZONTAL BCS VERTICAL ZERO RATIO SHAP COV 0 (1) 0(2) COV 0(1) D(2) COV COV .20 6 3 X 316 5.00 31.5 10 5.3 5. 92 158.0 21.G 5.97 5 .55
» >_ —' 71 x 283 5.36 3 5.5 94.3 6. 39 141.5 2 3.7 6 .49 6.13 
. 3 3 81 / 246 5.71 40 . 5 82. 0 6. 99 123.0 27. 0 7.17 6.95 
.-0 89 X 3 y ; t_ l_ -T 5 .82 4-. 5 74. 7 7 . 59 112.0 29.7 7 .59 7.52 .50 100 > 2 00 5 .83 50 . 0 6 6.7 7 . 34 100.0 33.3 8.06 8.22 
1. 00 141 / i T 1 5.22 7 0.5 47.0 8. 96 70.5 47 . 0 9.13 10.15 
2.00 200 X 100 4 . 26 100 . 0 33.3 9. 19 50.0 66.7 9.36 10.63 
3.00 2 4 b X 81 3.67 12 3.0 27.0 3. 91 
TO .5 82.0 9.07 10 . 07 4 » 00 2 8 3 7x 3.28 141. 5 2 3.7 8 . 54 35 .5 94.3 8 .65 9.36 
5,00 316 X 6 3 2 . 98 15 8 . G 21.0 8. 22 31.5 105.3 8.30 8.75 
L/W PATTE RN 1 PATTE RN 2 PATTERN 3 PATTERN 4 RA r IO 0 COV 0 COV 0(1) • (2) COV 0(1) D (2) 0(3) COV .2 0 3 7.3 6.14 9,2 5.60 1.3 80. 1 6.16 1.3 79. 1 3,5 6. 16
.25 31.5 6.69 9,6 6.19 2.0 63, 9 6.7 1 1.5 67.9 2.7 6.71 
. 33 26.0 T I. i t . X 10.0 7 .02 11.0 
5 6.4 7.44 1.1 55. 5 22.5 7 . 44 .40 22.1 7 . 90 9 . 4 7.60 19.5 47.5 7 .93 4. 3 47.5 33.7 7 .94 5  17.5 8,-9 10.6 8.3 3 2b .8 36. 8 8.5 3 15.9 37.5 41.0 8 . 54 
1 . G 0 l.b 10 .15 1 2 . 4 10.38 42 • b 1.5 1C .39 42 .2 1.5 42.6 10.39 2. 0 0 1  1 
10 . 6 3 16 . 6 11.13 52.8 1. 1 11 .13 52 . 9 1.1 52. 0 11.13 3 . 00 1. 5 0  20 . 5 10 .80 60.8 1.4 10 .75 83.9 1. 4 3.4 10.80 4*00 1.3 9.36 2 4 . 3 10.24 67 .9  2 ID .14 49 . 3 1.2 124.9 10.24 
5.00 1 • 1 8.74 27.7 9 . 7 4 74,6 1. 1 9.58 55.1 1.1 143. 8 9.7 3 (V) 
SIX GUN 3ATTERY (CONTINUED) 
L/W TGT PATTERN 5 
RATIO SHAP D(l) D (2 ) COV 
.20 6 3 316 1.3 70. 3 6.11 
3> C 71 283 1.5 62. 3 6.66 
. 3 3 81 >: 246 1.1 CO * I— . X 7.39 
. . 0 3 9 X 224 33.1 1. 5 7.57 
. 5 0 100 200 3 4 . 4 1.4 8.3 0 
1.00 141 > 1T1 41 . 1 1.5 10.33 
2. U0 200 X 100 52.2 1. 1 11.08 
3,00 2 4 6 81 60 . 7 1.4 10 . 69 
4 . 00 28 3 > 71 67 . 0 1.2 10.09 
5.00 316 X 6 3 72 . 5 1.1 9 . 54 
PA TTE RN 6 PATTERN 7 
0( 1) 0(2) D m COV 0(1) 0(2) COV 1 .3 73 .6 49.2 6.14 121.7 1.1 6.09 
1 . 5 62 . 8 59.4 6.68 107. 1 2.2 6.68 
1 . 1 H 6. 1 7 9.1 7 • 43 38.8 7.3 7.45 
1 . 2 3 8.1 34.8 7.93 78.9 11 .4 7.96 
1 • 4 32.4 66 . 5 8.51 63.9 15.6 8.55 
52 . 8 1.5 1.5 10 . 34 1.0 26.2 10 .38 
69 .2 1.1 1.4 11.10 1.4 34.7 11.14 
85 . 1 1 . 4 1.7 10.75 1.1 41.8 1G.80 
100 . 4 1.2 1.9 10.20 1.5 4 9.6 10 . 24 
111 - T . / 1.1 2.0 9.70 1.3 56.0 9.73 
L/W P A T T 2 RN 8 
RATIO 0(1) 0(2) 0(3) 
. 2 0 8 3.2 * < J. IT J. 180 . 5 
. 25 82. 2 1. 2 1 4 8 . 5 
. 33 81.8 7 . 3 10 5.0 
7b, 4 1 1 . 4 3 3.1 
62.3 1 5. o 68.8 
1.00 1, 0 1 . 0 
2.00 1 . 4 3-. 0 1 . 8 
3 . 0 I) 1.1 41 . 3 1 . 4 
4.00 1. 5 5 0.0 1.5 
5.00 1. 3 56.0 1 . 8 
PATTERN 9 
COV D(l) 0(2) COV 
6.13 120 , 5 1.1 6, 0 3 
6.69 106. 1 1,2 6.61 
7 .-r5 89. 7 1 . 4 T.37 
7.96 73.5 1 .5 7. 87 
8.56 66 . 0 1 .1 3 . 4 8 
10.38 1. 0 1 .5 10.15 
11.14 1 . 4 1 .4 10.63 
10.80 1 . 1 37 .6 10.7" 
1 0 . 2 4 1. 5 45 .3 10.22 
9.73 1.3 50 .6 9.71 
PATTERN 10 
D (1 ) 0(2) O (3) COV 
160. 5 1.1 3,2 6.12 
137.8 1.2 5.7 6 . 66 
109.5 1.4 24.8 7.38 
91.6 1.5 37.7 7 . 88 
1.2 34.8 2.0 8.19 
1. 0 20 . 6 42. 0 10 . 38 
1.4 33 .4 2 4.5 11.12 
1. 1 41 . 8 1?.2 10 .79 
1.5 50.0 20.0 10.24 
1.3 56.0 2 3.4 9.74 
RANGE TO TARGET I 4000 METERS 
TARGET SIZE .2 000 0 SQUARE METERS 
S I X G U N B A T T E R Y 
8 0 0 0 M E T E R S 
C 0 0 0 S Q U A R E M E T E R S 
L / W T G T L A Z Y W B C S H O R I Z 
R A T I O S N A P E C O V 0 ( 1 ) 0 ( 2 ) 
. 2 0 3 2 V 1 5 8 4 . 2 7 1 6 . 0 5 2 . 7 
. 2 5 3 5 A 1 4 1 4 . 2 6 1 7 . 5 4 7 . G 
, 3 3 4 1 X 1 2 2 4 . 2 3 2 0 . 5 4 0 . 7 
4 5 1 1 2 4 . 2 1 2 2 . 5 3 7 . 3 
. 5 0 5 0 X 1 0 0 4 , 1 8 2 5 . G 3 3 . 3 
1 . 0 0 7 1 X 7 1 4 . 1 0 3 5 . 5 2 3 . 7 
2 . 0 0 1 0 0 A 5 0 3 . 9 9 5 0 . G 1 6 . 7 
3 , 0 0 1 2 2 X 4 1 3 . 9 0 6 1 . 0 1 3 . 7 
4 . 0 0 1 4 1 X 3 5 3 . 8 2 
7 0 . 5 1 1 . 7 
5 . 0 0 1 5 8 3 2 
7 9 . 0 1 0 . 7 
IT A L B C S V E R T I C A L Z E R O 
C O V 0 ( 1 ) 0 ( 2 ) C O V C O V 
6 . 6 8 7 9 . 0 1 0 . 7 6 . 8 2 7 . 4 8 
7 . 1 6 7 G . 5 1 1 . 7 7 . 3 0 8 . 0 4 
7 . 7 7 6 1 . 0 1 3 . 7 7 . 8 9 8 . 6 8 
8 . 1 1 5 6 . 0 1 5 . 0 8 . 2 3 9 . 0 1 
8 . 5 3 5 0 . G 1 6 . 7 8 . 6 5 9 . 4 0 
9 . 5 4 3 5 . 5 2 3 . 7 9 . 6 2 1 0 . 2 0 
1 0 . 0 5 2 5 . 0 3 3 . 3 1 0 . 0 7 1 0 . 5 G 
1 0 . 0 7 2 0 . 5 4 0 . 7 1 0 . 0 6 1 0 . 4 6 
9 . 9 6 1 7 . 5 4 7 . 0 9 . 9 3 1 0 . 3 5 
9 . 7 8 1 6 . G 5 2 . 7 9 . 7 3 1 0 . 1 8 
L / W ° A T T C R N 1 P A T T E R N 2 
R A T I O 0 C O V 0 C O V 
.20 1 . 1 7 . 4 8 1 . 5 7 . 4 8 
.25 1 . 6 8 . 0 3 1 . 0 8 . 0 4 
. 3 3 1 . 4 3 . 6 7 1 . 2 8 . 6 8 
» - 0 1 . 3 9 . G L 1 . 3 9 . 0 1 
, 5 0 1 . 1 9 . - 0 1 . 5 9 . 4 0 
1 . 0 0 1 . 3 1 . 3 1 0 . 2 0 
2 . 0 0 1 • 1 0 . 4 9 1 . 1 1 0 . 5 0 
3 . 0 0 1 . 2 1 0 . 4 6 1 . 4 1 0 . 4 6 
4 . 0 0 1 , 0 1 0 , 0 4 2 . 1 1 0 . 3 5 
5 . 0 0 1 . - „ 1 0 . 1 7 1 . 1 I O . I A 
0 ( 1 ) 
2 . 9 
1 . 6 
1 . 9 
2 . 9 
2 . 0 
2 . 7 
2 . 5 
2 . 2 
4 . 4 
7 . 8 
T T E R N 3 
P A T T E R N 4 
0 ( 2 ) C O V 0 ( 1 ) 0 ( 2 ) D ( 3 ) C O V 
1 . 1 7.4 3 1 . 1 1 . 1 2 . 9 7 . 4 3 
1 . 5 8 . 0 4 
1 . 2 1 . 5 1 . 6 8 . 0 4 
1 . 3 8 . 6 8 * > •A. . T 1 . 3 2 . 6 8 . 6 8 
1 . 2 9 . G 1 1 . 6 1 . 2 4 . 1 9 . 0 1 
1 . 1 9 . 4 0 
1 . 1 1 . 1 2 . 3 9 . 4 0 
1 . 2 ' 1 0 . 2 0 1 . 5 1 . 2 2 . 7 . 1 0 . 2 0 
1 . ^ 1 0 . 5 0 1 . 4 1 . 4 2 . 5 1 0 . 5 G 
1 . 1 1 0 . 4 6 1 . 7 1 . 1 2 . 2 1 0 . 4 6 
1 . 6 1 0 . 3 4 1 . 0 1 . 6 4.4 1 0 . 3 4 
1 . 4 1 G . 1 3 
1 . 2 1 . 4 5 . G 1 0 . 1 8 
R A N G E T O T A R G E T 1 
T A R G E T S I Z E : 
SIX GUN BATTERY (CONTINUED) 
RANGt TO TARGET : 8Q00 METERS 
TARGET SIZE t 5 0 0 0 SQUARE METERS 
L/W TGT PATTERN 5 
RATIO SHAPE D(l) 0(2) COV 0(1) 
.20 32 X 158 1,1 1,1 7 . 4 3 1,1 
.25 3 5 X 1 - 1 1.2 1.5 8.0 4 1.2 
.33 wl 122 1.4 1.3 8.68 1.4 
. 4 0 w5 X 112 2.1 1.2 9.01 1,6 
.50 50 > 100 1.4 1.1 9.40 1.1 
1.00 71 X 71 1.5 1.2 10.20 1.5 
2.00 100 X 50 1 . 4 1 .4 10.50 1 . 4 
3.00 122 X -1 1.7 1.1 10.46 
0 0 141 > 35 1.0 1.6 10.34 1.7 1.0 0 0 15H X 32 1.2 1 . 4 lO.ia 1 - 2 
PATTERN 6 PATTERN 
0(2) 0(3) COV O (1) 0(2) COV 1.1 2.0 7.48 2. 3 1.9 7.48 
1.5 2.2 8.0 4 1.5 2.1 8 .04 
1.3 1.9 8.68 1.7 1.5 8.68 
1.2 2.1 9.01 1.5 1,3 9.01 
1.1 2.0 9.40 1.4 1 . 9 9.40 
1.2 1.5 10.20 1.1 1.2 10.20 
1.4 1.4 10.50 1.4 2.0 10.50 
1.1 1.7 10 . 46 1.1 1.7 10 .46 
1.6 1.5 10. 34 1. 5 2.7 10 . 35 
1 • 4 1.2 10.18 1,3 2.8 10.18 
L/W PATTERN 8 
RATIO O (1 ) 0(2) 0(3) 
.20 1 • 2 1 . 4 3.4 
.25 1.0 1.6 2.0 
.33 1 . 7 1.1 2.2 
. 40 1. 5 1. 3 1.5 
.50 1 . 4 1 . 4 1. 3 
1 . Of) 1 , 1 i . 2 1. 5 
2 . 00 « / x * — 1. 1 1 . 4 
3 . 0 0 1 . 1 1 . 3 1. 4 
4,00 1. 5 1 . 5 1.2 
5.00 1. 3 1. 1 1.5 
PATTERN 9 
COV 0(1) 0(2) COV 
7,48 1. 2 1.4 7.48 
8. 04 1.0 1 .6 8.04 
8 ,6 8 1 . 7 1 .1 8,6 8 
9,01 1. 5 1 .3 9. 01 
9.4Q a. . 4 1 .4 9.40 
10.20 1.1 1 .2 10.20 
10.50 1.4 1 .1 10.50 
10.46 1 . 1 1 .3 10.46 
10.35 1 . 5 1 .5 10.3 5 
10.18 1.3 1 .1 10.18 
PATTE RN 10 
0(1) 0(2) D (3) COV 
1. 2 1 . 4 2,3 7. 48 
1.0 1.6 1. 5 8 . 04 
1.7 1.1 2.2 8.68 
1.5 1.3 3.9 9.01 
1 . 4 1 . 4 1. 8 9.40 
1.1 1.2 4.0 10.20 
1 . 4 1.1 2.8 10.50 
1.1 1.3 5.6 10 .46 
1. 5 1.5 4 . 3 10 .35 
1.3 1.1 2.9 1G . 18 
ro 
SIX GUN BATTERY RANGE TO TARGET i 800G METERS TARGET SIZE .10000 SQUARE METERS 
L/W TGT LAZY W BCS HORIZONT AL BCS VERTICAL ZERO RATIO SHAP COV D(l) O (2) COV 0(1) D(2) COV COV .20 4 5 y 2 2 4 4.13 22.5 7^.7 5. 19 112.0 15.G 5.35 5.60 .25 
50 X 200 4.19 2 5.0 66 .7 5.62 100 . 0 16.7 5.78 6.13 • 33 
5 8 X 173 4.22 29.0 57.7 6 . 19 86.5 19.3 6.34 6.93 . ~?Q 63 X 153 4.22 31. 5 52.7 b. 5 5 79.0 21.0 6.69 7.38 .50 
71 X 141 4.19 35.5 47.0 7. GG 7G .5 23.7 7.13 7 . 91 
1.00 100 X 1 00 4,06 5 G. 0 3 3.3 8. 17 50.0 33.3 8 .26 9. 10 2. GO 141 > 71 3.86 70 . 5 23." 3.80 35.5 47. 0 8.32 9.58 3. 0 0 
173 X 58 3.70 8 6.5 19.3 8. 79 29.0 57.7 8.77 9.51 4. 00 2 0G X 5 0 3.55 100 . 0 16.7 8. 61 25.Q 66.7 8.5 7 9.3 0 5. 00 
22 4 , 45 3.42 112. G 15. G 8. 34 22.5 74.7 8.29 9 . 04 
L/W PATTERN 1 PATTERN 2 PA TTERN 3 PATTERN 4 
RATIO 0 COV O COV 0(1) D (2 ) COV DC.il 0(2) 0(3) COV .20 15.6 5 • b 6 1. 3 5.6 0 2,9 31. 8 • 66 1 .6 31,8 4,1 5,66 "> c 
. L_ ^ 9.9 6,20 1 t:, 6.18 2.8 C L . y 6 .20 1.1 21.5 4.2 6.2G 7 7 1.6 3.93 1. G 6 .93 3 .2 1.2 6 .93 1 .2 1.2 3.2 6.93 . -0 1. 1 7.33 1 .1 7.38 1.3 1. 1 7 .33 1 
.3 1.1 1.3 7,38 . e>o 1. 6 7. 90 1. 3 7.9 3 1.5 1. 5 / .90 1 .5 1.5 2.0 7.90 1 00 1.1 9.10 1. 1 
9 . 10 2.5 1. 1 9 .10 .4 1.1 2.5 9 12.00 1 . 3 9.57 1 . 6 9.58 3,0 1. 2 9 .5 8 1 
.0 1.2 4.4 9.5 8 3.00 1.0 9.50 3. 2 9.5 1 1-.4 l. a 9.51 18 .2 1.0 15 6 9.51 4 . 0 0 1. 5 9,29 8 . 1 9.31 31 .3 1. 4 9 .31 30 .4 1.4 27.1 9.31 5 . GO 1.3 9 . 0 3 11.1 9.0 6 39.3 1. 3 9 . 06 38 .8 1.3 39,8 9.06 ro 
VA 
SIX GUN BATTERY (CONTINUED) 
RANGE TO TARGET : 8G0G METERS 
TARGET SIZE J1000 0 SQUARE METERS 
L/W TGT PA TTERN 5 PA TTE RN 6 PATTERN y 
RATIO SHAP E 0(1) 0(2) COV 0(1) D (2) 0(3) COV 0(1) 0(2) COV . 20 4 5 X 22- 1.6 1. 5 5.60 1 .6 28 .0 • 43.5 5 • 6o 56.1 1.7 5.67 
• 23 50 X 2 00 1. 1 1.4 6.13 1.1 15 .9 41 . 9 6.20 3 9.0 1.4 6 .21 . 3 5 5 8 17 3 1.2 1 . 2 6 . 9 3 1.2 1. 2 3.2 6.93 3.6 1.8 6.93 
63 X 158 1 . 3 1. 1 6.38 1.3 1. 1 2.4 6.38 1.2 1.1 7.38 
.50 n X. 141 2.0 1. 5 7 . 90 1 .5 1 . 5 2.0 7.90 1.5 1.6 7.90 1.00 100 A 100 1 . 8 1.1 9.10 1.4 1 • 1 1.3 9.10 1.8 2.0 9.10 2 . 00 1 4 1 X 71 1 . 5 1.2 9.58 1.0 1.2 1.5 9.58 1.1 1.5 9.58 
3 , 0 0 173 X 58 1.2 1.0 9 .51 1.1 1.0 1.2 9.51 1.6 10.3 9.51 
4,00 
200 50 1.4 1 . 4 9.30 1.2 1 . 4 1.4' 9.30 1 . 4 18.4 9.31 
5.00 22- x 4 5 70 . 4 1.3 9.04 39 .0 1 . 3 1.4 9.04 1. 2 22.9 9.06 
L/W PATTERN 8 PATTERN 9 PATTERN 10 
RATIO 0(1) 0(2) D (3 ) COV 0(1 ) 0(2) COV 0(1) 0(2) 0(3) COV 
.20 56.2 1. 3 57. c 5.67 56. 0 1.3 5. 65 64, 0 1.3 3.1 5.65 
, 27 39.1 
1 . 4 38. 2 6 .21 32. 7 1.4 6.19 39,1 1.4 4.1 6.19 . 33 1.1 ,0 5. 4 6.93 X * 2 1.0 6.93 1.1 1.0 3 .6 6.93 .-0 1. 2 1.1 1 » i 7.38 1. 2 1 .1 7.38 1.2 1.1 3.4 7.38 
* 5 0 1 , 0 X * L- 2 . 0 7.90 1. 0 1.2 7.90 l.C 1.2 3 . 0 7 .90 L O G 1 . 4 1. 1 1. 8 9.10 1. 4 1 .1 9 1 1.4 1.1 3,5 9.10 2.GG 1 
1. 3 1 . V 9.3 8 1. 1 1 .5 9.5 8 1.1 1.5 4 . 0 9.58 3.00 
1 , 6 9 0 1 . 2 71 1. 6 1 .2 9.51 1.6 1.2 2.2 9.51 4. GO • i j . • 18.3 •4 JL • 1 9.31 1. *•* 1 .4 1 9 . 3 G 1.4 1.4 41.9 9 .30 5,00 1. 2 21 . 7 2. 9. 06 1. 2 .».«--' 9.04 1.2 15.5 41. 0 9.05 
S I X G U N 3 A T T E R Y 
R A N G E T O T A R G E T : 300 0 M E T E R S 
T A R G E T S I Z E 120000 S Q U A R E M E T E R S 
L / W T G T L A Z Y W B C S H O R I Z O N ! A L B C S V E R T I C A L Z E R O 
R A T I O S H A P E C O V 0(1) 0(2) C O V 0(1) 0(2) C O V C O V 
. 20 6 3 ,< 316 3.55 31,5 105, 3 3. 91 15 8 . 0 21.0 4 . 0 2 3. 98 
. 2 5 71 X 233 3.76 35.5 9 4 . 3 -.25 i4l . 5 23.7 4.37 4.42 
. 3 3 31 / : 2 3.95 40.5 82.0 4 . 69 123.0 27 . 0 4.83 5.03 
. - 0 8 9 A 22- 4.03 4 4 , i> 74.7 99 112 . 0 29.7 5.14 5 . 46 
. 5 0 100 X 2 00 4.07 5 0.0 6 6.7 5.36 10 0.0 3 3.3 5.5 0 5.99 
1, 00 141 141 3.95 ? 0 . 5 47, 0 6.41 70 . 5 47 . 0 6.49 7.42 
2.00 2 00 X 100 3.61. 100. 0 33.3 6. 96 5 0.0 66.7 6.98 8.06 
3.00 ^ *"t O X 81 3 .34 12 3.0 2 7.0 6. 92 40 . 5 82 . 0 6 .92 7 . 96 
4. 00 233 71 3.12 1-1. 5 2 3.7 6. c9 35.5 94, 3 6.69 7.67 
5 . 00 316 X b 3 2.93 15 3. 0 21. 0 b. 47 31 .5 105 . 3 6.46 7 . 35 
L / W P A T T E R N 1 P A T T E R N 2 P A T T E R N .3 P A T T E R N 4 
R A n o O C O V O C O V 0( 1) 0(2 ) C O V 0(1) 0(2) 0(3) C O V 
. 2 G 30.2 4 . 1 7 1. 5 3 . 98 1 . 8 6 T • 6 4,17 1 . 3 6 4 . 6 2 . 4 4 . 1 7 
.23 2*,8 4 . 5 7 1,7 4.42 1 . 5 5 3. 5 4.5 8 1.5 5 2.1 4 . 0 4 . 5 8 
. 3 3 19.- 5.i 3 . 1 . 5 5.03 2 . Q 41.0 5.13 1 .1 41 . 0 2.0 5.13 
. ̂ 0 1 5 . 1 5.52 1.6 5 .4b 1 .6 31. 8 5.52 1.2 31.8 2.2 5.52 
.50 1 0 . 3 6.00 1 . 5 5 . 99 9 c . _̂  22. 2 6.00 1 . 4 22.2 3.5 6.0 0 
1.00 1 . b 7.4? 1 . 6 7 . 42 2 a . VI 1 . 5 7. 4 2 1.0 1.5 3,0 7 .42 
2. 00 1. 1 3 . 0 6 7.2 8.06 C J . 7 1.1 8.06 26.2 1. 1 25 .7 8.06 
3 . 0 0 1.5 7 . 96 12.5 7.98 Lu • 6 1. 4 7 . 98 4 4 .7 1 . 4 45.3 7 . 98 
-,00 1 * 3 / . C-c 15.9 7, 71 56 . 0 1. 2 7.7 2 56 .7 1.2 56. 0 7.72 
2,00 1. 1 < . 0 iv 18.9 7.43 65 .8 1.2 / . 4 3 66.0 1.1 65.9 7 . 4 3 ro 
SIX GJN BATTERY (CONTINUED) 
RANGE TO TARGET r 8000 METERS 
TARGET SIZE .20000 SQUARE METERS 
L/W TGT PATTERN PA TTERN 6 PATTERN 7 
RATIO SHAP C 0(1) 0(2) COV 0(1) 0(2) D(7 ) COV D (1) D (2) COV 
.20 63 X 316 1 . 3 58.2 4.16 1.3 59 .2 57 . 8 4.17 101. 0 1 .5 4.17 
71 X 283 1.5 50 . 0 4.56 1.5 45.3 69. 4.58 8 6.6 1.6 4.59 
81 X 2-6 1.1 1 . 7 5 . 0 3 1. 1 34 . 2 68 . 7 5 . 14 69.2 1 .9 5 .14 
. - 0 89 X 22^ 1.2 1.5 5.-6 1.2 27.3 58. 5 5.52 56.1 2.0 5 . 53 
. 50 1 00 20U 1.8 1. 4 5 . 99 1 . 4 15. 9 42 . 7 6. OC 38 . 2 2. 0 6.01 
1.0 0 1>1 141 1.0 1. 5 7.42 1.0 1.5 2 . 0 7 .42 1.5 2.7 7.42 
2.00 2 00 > 1 0 0 1.2 1 . 1 8.06 1 .2 1.1 1 . 4 8.06 1.4 14.2 8.0 6 
3, OU 246 X 81 36 . 8 1 . 4 7.9o 4 4 • 7 1.4 1 . •y 7.96 1. 1 26.1 7 . 98 
-.00 28 3 X 71 33.0 1. 2 7 .69 6 2.6 1 . 2 1 . 9 7.6 9 1.1 33 . 5 7.71 
5.00 316 V 6 3 63 . 5 1. .1 7 . 41 / 6 • 6 1 .1 c . 2 7.41 1.7 40.0 7 . 43 
L /W PATTERN 8 PATTE RN 9 PATTE .RN 10 
RATIO 0(1) • (2) 0(3) COV 0(1) 0 ( 2) COV 0(1) 0(2) 0(3) COV 
.20 1 0 1. 2 1. 1 101,0 4,17 99. 8 1 .1 4 . 15 129.7 1.1 4 . 3 4.16 
.25 86.7 1. 2 5 4. 59 85 , 5 1 .2 4» 5 6 10 6.3 1.2 1 . 9 4.56 
. 33 6 8.1 1. 4 69.2 5 .14 66 . 8 A 
-4 
. 4 5,12- 80.6 1.4 1.7 5.12 
• 4 Q 56 . 2 1 . 5 57.6 5.5 3 53 . 0 1 c . 5.5 0 64. 0 1.5 4.6 5.50 . 3 0 3 9.1 1. 1 34.8 6.01 34 . 8 1 .1 3. 99 40.0 1.1 2 . 7 5 . 99 
1. U 0 1. 0 i.. > 2. 0 7.̂ -2 1. 0 1 1. 0 1.5 3.0 7 . 42 
2.00 13.8 1.4 8. 0 6 .1.4 A X • 8,0 6 1.4 1.4 30.9 8.06 
3.00 1.1 2 7.4 1. 1 7 .98 1 . 1 1 .7 ' ".96 1.1 20 .5 48 . 7 7 . 98 
4.00 i, 1 32.5 2. 0 7.-1 1.1 1 .0 7.67 1. 1 25 .1 59. 1 7.71 
3.00 1, 7 38.5 1. 8 7.43 i . 7 1 .2 7.35 1.7 32 . 8 61.7 7.42 
SIX GUN BATTERY 
RANGE TO TARGET U2000 METERS 
TARGET SIZE : 500 0 SQUARE METERS 
L/W TGT LAZY W BCS HORIZONTAL BCS VERTICAL ZERO 
RATIO SHAPE COV D (1) O (2) CO V 0 ( 11 D (2) COV COV 
.20 32 X 158 2.80 lb. 0 52.7 3. 90 79 . 0 10 .7 3.95 4.25 
.25 ' 3 5 X 141 2.83 17 . 5 47.0 4 . 09 70 .5 11 .7 4 .14 4 .42 
, 3 3 41 X 122 2 . 85 20.5 4 0.7 4 . 31 61 . 0 13 ,7 4,35 4.59 
. -0 ^5 >: 112 2.8 6 22.5 37. 3 4 . 42 56 . 0 15 . 0 4.46 4,68 
.5 0 50 X 100 2 . 87 25.0 3 3.3 4 . 5 0 . 0 16 .7 4.5 9 4 ,77 
1.00 71 X 71 2.88 3 5.5 2 3. 7 4 . 82 35 .5 23 • 7 4.83 4,95 
2.00 10 0 X 5 0 2.86 5U . 0 16. 7 4. 92 25 . 0 33. 3 4.9 3 5,01 
3.00 122 X 4 1 2.84 6i. 0 13.7 4 . 92 2 0 c 
* * s 
40 .7 4 .91 5,00 
4 , (J 0 141 X 0 \'> 2.91 70 . 5 11.7 4 . 89 17 . 5 4 7 .0 4,88 4 . 97 
5.0 0 15 ft > 3 2 2. T9 79. 0 10.7 4 . 84 16 . 0 52 T . 1 4.82 4 .93 
L/W PA TT2 RN 1 PATTERN 2 PA T TERN 3 PATTERN 4' 
RATIO n COV O COV D ( 1) O (2 ) COV D(l) D(2) D(3) COV 
.20 1.1 4.25 2.0 4 .25 4 , 4 1. 1 4 . 2 5 1 • 1 1,1 6,7 4,25 
1.6 4.42 1.9 4.4 2 4.8 1. 5 4 .42 1 . <_ 1.5 4 . 8 4.42 
. 33 1 . 4 4.29 1 . 6 4 .59 2.6 1. 3 4 • 5>9 1 .4 1.3 2.6 4.59 
. .0 1.3 4.68 1.3 4.68 6.1 1. 2 4 . 6 3 1 .6 1.2 6.1 4.68 
.50 1. 1 4.77 2 . 0 4.77 4 . 2 1. 1 4 . / (' 1 . 1 1.1 6.5 4.77 
1.00 1 . 3 4 • 95 1. 7 4 . 92 4. 0 1.2 4 . 95 •1 1.2 6.0 4.95 
2.00 1 .5 5.01 2 . 0 5.01 3 .5 i . 4 c .01 1 • 4 1.4 5.2 5.01 
3 . 0 0 1. 2 5.00 1 . 8 5.00 3 . G r. .DO 1 .7 1.1 4. 3 5 . 00 
4 . 00 1.0 4 . 97 2. 1 4 . 97 2 . 0 1. 6 L . 97 X .0 1.6 3 . 0 4 . 97 
5.00 1. 5 4 . 92 2 . 0 4 . 9 3 1 .2 1 X • -r L . 93 1 . 2 1 . 4 1.2 4.93 ro 
SIX GUN BATTERY (CONTINUED) 
L/W TGT PATTERN 5 PATTERN 6 PATTERN 7 
RATIO SHAP t- 0(1) 0(2) COV 0(1) 0(2) 0(3) COV 0(1) 0(2) COV 
.20 3 2 X 158 2.0 1. 1 4.25 1.1 1 .1 2 . 9 4.25 2. 3 3.8 4 • 25 
3 5 X 141 1.2 1 . 5 4 • 42 1.2 1.5 2.2 4.42 2.0 2.9 4.42 
z z 
* -.J ' J — 1 122 1.9 X « W 4.59 1 . 4 1 . 3 3.7 4.59 2.2 2.1 4.59 
.-0 45 y 112 2. 1 1. 2 4.68 1.6 1.2 2.9 4.68 2.7 3.3 4 .68 
.50 50 X 100 1.4 1. 1 4 . 7 7 1.1 1 .1 2.0 4.77 1 . 8 2.5 4.77 
1.00 71 ;< 71 1. 5 1 . 2 4.95 1.5 X . I_ 2.0 4. 95 2.1 3.2 4 . 9 5 
2. 00 100 X 5 0 2.5 1. 4 5 .01 1.4 1 . 4 1.4 5 . 01 1.8 2.3 5 .01 
3 . 0 0 122 X 41 3 . 0 1 . 1 5 .00 1.7 1.1 3 . 0 5.00 1.4 3.4 5.00 
4 . 0 0 141 •i 1 . 5 1. 6 4 . 97 1.0 1.6 3.0 4 .97 2.0 2.7 4 .97 
5.00 i 5 8 X 3 2 1.7 1 . 4 4 . 93 1.2 1 . 4 2.3 4 . 93 1.8 2.8 4 .93 
L/W P AT TC RN 8 PATTE RN 9 PATTERN 10 
RATIO D ( I) 0(2) 0(3) COV 0(1 ) 0(2) COV 0(1) 0(2) 0(3) COV 
.20 1 .2 1. 4 3 . 4 4.25 1. 7 1 • 4 - R . 2^ 1. 2 1.4 5.0 4. 25 
> 7-
9 > 1 . 0 1. 6 3.0 4.-2 4 X • 0 1 * C 4 » 42 1.0 1.6 6.9 4.42 
. S 3 1 , i 1 .1 2.2 4 . 5 9 2 . 2 1 • 1 4 • 5 9 1.7 1.1 2.2 4.59 
i c 1. 3 3.9 4 . 6 8 2 . 0 1 .3 4. 68 1.5 1.3 5.8 4 . 6 8 
.30 1 •» 4 — • 4 2.5 4 .77 1. 4 1 . 4 4 * 77 1.4 1 . 4 5.2 4.77 
1.00 1 , 1 1.2 2.7 4 . 95 1 . 5 1 .2 4.95 1. 1 1.2 6.0 4.95 
2 . UU 4 » "•- •i 4 X • X 2.8 5.01 1 . 8 1 .1 5. 01 1.4 1.1 6.5 5.01 
3.00 1 1 1. 3 1. 9 5.00 1. 1 1 .3 5. 00 1.1 1.3 5.6 5.00 
- , 0 U 1 * 1 • T> 2 . 2 4.97 1. 3 1 • 5 u • 97 1.5 1.5 4 . 8 4 . 97 
5 . 00 1 7 H 1 
-4- . X 2 . 0 4 . 9 3 1. 3 1 .1 9 3 1.3 1.1 4.4 4.93 
RANGE TO TARGET :1200 0 METERS 
TARGET SIZE J 5000 SQUARE METERS 
SIX GUN 3ATTERY 
L /W TGT LAZY W 3CS HORIZONTAL BCS VERTICAL ZERO 
RATIO SHAP COV O (1) 0(2) COV 0(1) D (2) COV COV 
.20 45 X 22u 2.65 22,5 74,7 3. 20 112 .0 15 . Q 3.25 3.58 
. 2 5 5 0 X 2 00 2.71 25.0 6 6.7 3. 43 100 . 0 16.7 3 .48 3.81 
. 33 5 8 : 17 3 2.76 29. 0 5 7.7 3. 70 86 • 5 19.3 3.76 4,0 8 
.40 6 3 X 15 3 2.79 31.5 52.7 3. 86 7 9 ,0 21. G 3.92 4 . 23 
• 3 0 71 X 141 2 . 31 3 5.5 47. 0 4 • 05 70 .5 23.7 4.10 4.3 9 
1.0 0 100 X 100 2.83 5 0. 0 33. 3 4 . 46 50 .0 33.3 4.49 4.70 
2. 00 141 X 7 1 2.80 70.5 2 3.7 63 35 . 5 47. 0 4.64 4 . 81 
3,00 173 X 5 8 2 . "5 8 6.5 19.3 4. 61 29 .0 57.7 4.61 4 . 78 
00 20 0 X 50 2.70 100.0 16.7 4 . 55 25 . 0 66.7 4.53 4.72 
5 . 00 22^ v 4 Lj 2 . 65 112.0 15.0 4 . -6 22 .5 74.7 4.43 4.65 
L/W PATTERN 1 PATTERN 2 PATTERN 3 PATT ERN 4 
RATIO 0 COV O COV 0(1) D (2 ) COV 0(1) 0(2) 0(3) COV 
.20 1.5 3.53 2, 4 3.57 2.1 1. 5 .58 1 .6 1.5 2.9 3.58 
.25 1 . 4 3.81 1.5 3*81 2.8 1. 4 \J .81 1 .1 1.4 4.2 3.81 
. 3 3 1.2 -.08 1 . 0 4.08 1 .2 1. 2 4 .03 1 .2 1.2 1.6 4.0 3 
. -fQ 1.1 -.23 1. 1 4.23 2.4 1. 1 4 .23 1 .3 1.1 2.4 4.23 
.50 1.6 -.38 1. 3 4 .39 1 .5 1. 5 4 . 3 9 X .5 1.5 1.5 4. 39 
1.00 1.1 4.70 1. 1 4.71 5.2 1. 1 4 .70 1 . 4 1.1 3.0 4.70 
2. 00 1.3 -..80 2. 1 4.81 2 . 0 1. L .81 1.0 1.2 3.0 4.81 3,00 1.0 4.78 2.2 4.78 'TN L 1. C .78 X .1 1.0 8.4 4 . 78 
4 . 00 1.5 
4 . 72 2 . 5 4 . 72 2 .7 1. 4 L .72 1 • 2 1.4 2.7 4.72 5. 00 1.3 4. 65 2. 8 4.65 7 . G 1. 3 4.65 1 . 4 1.3 10 . 8 4.65 
H 
T—1 
RANGE TO TARGET .12000 METERS 
TARGET SIZt J10000 SQUARE METERS 
SIX GUN BATTERY (CONTINUED) 
RANGE TO TARGET * 12000 METERS 
TARGET SIZE I 1 0 0 0 G SQUARE METERS 
L/W TGT PATTERN 5 
RATIO SH AP D(l) D (2) COV 
.20 4-5 X 2 2 .1 1 . 5 3.57 
.25 50 y 00 1.1 1. i- 3,81 
, 33 58 X 1 X 73 2 . 2 1.2 4.08 
, 4 0 6 .5 X I 53 2 . 4 4 -4 X . 4 -r.23 
. 30 7 1 X 4 1 2.0 1.5 4 . 3 8 
1.00 100 X 1 UO 2.5 1. 1 4.70 
2.00 141 X 71 2.0 1. 2 4 . 80 
3.00 17 3 5 8 1.8 1. 0 4 . 7 8 
4.00 2 00 X. 50 2 . 0 1.4 2.72 
5.00 224 4 > 3.1 1 . 3 4 . 65 
PATTERN 6 PATTERN 7 
• ( 1) D( 2) D ( 5) COV D (1) D (2) COV 
1 • 6 1 . 5 9 • 4 3.57 3.1 1.7 3.53 
1 .1 1 . 4 2 .8 3. 81 2.7 2.5 3.81 
1 .2 1.2 4 . 9 4.08 1.2 1. 3 4.08 
1 .3 1 . 1 3 • 5 4.23 1 . 7 2.0 4.23 
1 .5 1.5 4 . 0 4.38 1.5 2.2 4. 39 
1 • 4 1 . 1 2 .5 4.70 1 . 4 1.1 4.70 
1 .0 1 .2 3 , 0 4. 8G 1.5 2.7 4 . 31 
1 . 1 1.0 2 . 4 4,78 2, 0 3.0 4.78 
1 .2 1 . 4 2 .7 4 .72 1.8 3.5 4.72 
1 . 4 1 . 3 1 .6 4. 65 1.6 5,8 4 . 65 
L/W PA T T E R N 8 PATTERN 9 PATTERN 10 
RATIO 0(1 ) 0(2) 0 ( 3 ) COV 0(1 ) 0(2) COV ' 0 (1 ) 0 (2) 0(3) COV • 2 G •1. _ . L 1. 3 3. 1 3.58 2.2 1.3 3.5 7 1. L 1.3 7 • 0 3.57 .25 X • 2 4 x . -R 4 , 1 3.81 1  1 . 4 3 . 8 1 1.2 1 . 4 4.1 3.81 . 33 '1 X . X 1.0 1.8 4.08 2 • 4 1.0 4.08 1. 1 1.0 8.4 4.08 .-0 X , 2 1.1 1.7 4 .23 2.3 1.1 4.23 1. 2 1.1 1.7 4 .23 . 5 0 1. 0 1.2 2 . 0 4,39 1 . 0 1 .2 4.3 9 1. 0 1.2 3.0 4.39 1,00 4. * - * •< 1 . 4 4.70 1 . 8 ' 1.1 ^,70 1.4 1.1 8 . 0 4.70 
2 . OQ -L • 1 i » z 2.0 4.81 1 . 1 1.5 4.81 1.1 1.5 4 . 0 4 .81 3.00 1. 2 
1 . 2 2 . 2 4 . ^ 8 1 . 6 .1.2 4.78 1.6 1.2 7.5 4 .78 4.00 1. 4 I • 2.0 4 . 7 2 A X * — 1 .4 4.7? 1.4 1 . 4 4.2 4.72 5 .00 1. 2 2 . 9 4,65 1. 2 1 .5 4.65 1.2 1.5 9.4 4 .65 
SIX GUN BATTERY 
RANGE TO TARGET .12000 METERS 
TARGET SIZE 120000 SQUARE METERS 
L/W TGT LAZY W BCS HORIZONTAL BCS VERTICAL ZERO 
RATIO s H APE COV 0(1) 0(2) CO V 0(1) D (2) COV COV 
.20 63 X 316 2.35 31 .5 10 5.3 2.50 158.0 21.0 2.56 2.75 
.25 71 X. 233 • 2 .46 35.5 9 4 . 3 2. 70 141.5 23.7 2.76 3.01 
. 3 3 81 "f 2-b 2.57 40 .5 82. U 2. 97 123. 0 27. 0 3.02 3. 33 
• 40 89 x 224 2.62 44.5 7 4 . 7 3 . 14 112.0 29.7 3.19 3.5 3 
. 50 100 A 200 2.67 50 . 0 6 6 . 7 3 . 3 3 10 0.0 33.3 3 .40 3 . 76 
1. 00 141 141 2.73 70.5 47. 0 3. 88 7 0.5 47. 0 3.92 4.26 
2. 00 200 X 100 2.67 100 . 0 3 3.3 4 . 11 50 . 0 66.7 4.11 4.43 
5 . 0 0 2 4 & X 31 2.58 123. 0 2 7 . 0 - r.07 4 0.5 82.0 4.06 4 .39 
w . 00 28 3 7 7 1 2.5 0 141. 5 2 3 . 7 3 , 96 35.5 94.3 3.94 4.29 
5, 00 316 X 6 3 2.42 158. 0 21.0 3. 8 4 31.5 105.3 3.82 4 .18 
L/W PATTERN 1 PATTE :.RH 2 PATTERN 3 PATT ERN 4 
RATIO 0 COV 0 COV 0 ( 1 ) 0 (2 ) COV 0(1) 0(2) 0(3) COV 
.20 13.2 2 .78 1. 5 2.75 1.3 39. 4 2.78 1. 3 38. 5 8 . 1 2.78 
.25 14.6 3 . 0 2 1,7 3.01 4 . 0 31. 0 3.02 1.5 2 9.6 9.2 3.02 
. 33 a.-. 1 3.33 2 . 0 3.33 1.1 1 7 . 0 3. 33 1.1 17.0 1.1 3.33 
, 4 O 1 . 5 3. 5 3 2.0 3.53 2.2 1 . 5 3.53 1.2 1.5 3 . 1 3.53 
. ; ? 0 3 • /' 6 1 . 5 3 .76 3 . 5 1 . 4 3.76 1.4 1.4 5 . 2 3.76 
1 . 0 0 1 . 0 4.25 2.1 4,26 3 • 0 1 • 2 4.26 1 . 0 1.5 4.4 4.26 
2 , 0 0 1.1 4.-3 •-> c 4 , T 3 6.2 1 . 1 4.43 1 . 2 1. 1 9.6 4.43 
3 . 0 0 1 . 5 4 . ^ 8 3 . 0 4 . 3 9 11 .9 1 . 4 4 . 3 8 1.5 1.4 11 . 9 4.3 8 
4 , 0 0 1.3 -.2 8 7.6 4 .29 3 0 . 4 1 . 2 4 . 2 9 31.1 1.2 23.5 4.29 
5 . 0 0 1. i 4.18 1 1 . 4 4.18 4 4 .9 * v. 4.18 4-. 1 1 . 1 42 . 8 4 .18 
SIX G UN BATTERY (CONTINUED) 
RANGE TO TARGET I 1200 0 METERS 
TARGET SIZE J20000 SQUARE METERS 
L/W TGT PATTERN 5 PATTERN 6 PATTERN RATIO SH APL 0(1) 0(2) COV D( 1) D( 2) 0(3) COV O (1) D (2) COV 
.20 6 3 X 316 1.3 1.2 2. 75 1 .3 32 .3 60.6 2.78 64 • 9 1 .5 2 .78 
. 4 r 7 1 
• X 
283 2.0 1.0 3.01 1 . 5 24.5 52.3 3.02 50.2 2.2 3.02 
.33 81 X 2 - 6 2.0 1. 7 3 . 33 1 .1 12.0 26.4 3.33 3 0.0 2 • 6 3.33  -ii 3 9 X 22- 2.2 1 . 5 .5  1 .2 1 . 5 11.1 3.53 3.1 2 . 0 3.53 
. 5 0 100 > 200 2.5 1.4 3 . 75 1 • 4 1. 4 2.5 3. 76 2.7 3.1 3. T6 
1. 00 '4-1 X l 4 l 2.0 1 . 5 - .25 1 .0 1 .5 1.0 4.26 2.0 2.7 4.26 
2.00 20 0 V' 10 0 1 . 4 1. 1 4.43 1 .2 1.1 2 . 0 4. 43 1.8 5.2 4. 43 
3.0 0 2-6 81 2.4 1.4 4 . 38 1 .5 x . 4 1.5 4.38 2. 0 6. 4 4 . 38 
-.00 28 3 X 71 2.8 1.2 4.28 1 .7 1 .2 4 . 0 4 .28 1.5 16 . 7 4 .29 
5.00 316 X 63 3.2 1. 1 4.18 2 . 0 1.1 3.2 4 .18 1.7 25.3 4.13 
L/W PATTE RN 8 PATTE RN 9 PATTERN 10 RATIO 0(1 ) 0(2) 0(3 ) COV 0(1 ) 0( 2) COV 0(1) D(2) 0 ( 3) COV 
. 2G 6 6. 0 1. 1 & 4 . 7 2.78 62. P 1 4 * X 2, 77 76.6 1.1 6.5 2.77 
.25 51. u t ? 4 9 . 2 3,02 48. 1 1 .2 3.02 5 6.7 1.2 5 . 3 3.02 . 3 3 28. 9 ^ . 1 . 4 29. 1 3.33 2. 4 1 . 4 3. 33 
1 c 
X • 
1.4 7.6 3.33 
. -0 A X . L 1. 5 3. 1 3.53 o u . 2 1 . ^ 3.53 .4 1.5 7.0 3.53 . 5 0 1. Z 1.1 4 . 1 3 . 76 1 . 1 .1 3.76 1.2 1.1 4.1 3.76 
1.00 1 * u 1. 5 0 4.26 1 . 0 1 . !? 4.26 1. 0 .1.5 4. 4 4 . 26 
2 . 00 1. 4 2. 4.43 1 . 4 1 .4 4 * -r »i 1.4 1.4 8.0 4.43 3 . 0 0 1, 1 i. 7 2 . 8 4.38 1 . 4 1 .7 4.38 1.1 1.7 16.3 4.38 
4. 00 1. 1 19.6 2. 0 4.29 1. I 1 . U 4.29 1.1 1.0 4Q. 7 4.29 





This appendix contains a FORTRAN program listing 
for the computer model SNOW'S QUICKIE as modified for use 
in this thesis. 
INPUT DATA FOR THE FOLLOWING CARD SETS MAY APPEAR ANYWHERE IN THE 
SPECIFIED COLUMNS IF A DECIMAL POINT IS PUNCHED* 2 6 7 8 9 10 11 12 
13 14 
IF A DECIMAL POINT IS NOT PUNCHED THE DATA MUST BE LOCATED IN 


















































THE FIRST CASUALTY LEVEL(OR PERCENT OF THE 
TARGET TO BE DEFEATED). THE PROGRAM WILL 
COMPUTE THE NUMBER OF ROUNDS REQUIRED TO 
PRODUCE THIS CASUALTY LEVEL--IF IT CAM 3E 






INDICATE TYPE OF ROUND 
INPUT; USE 0 FOR HE 
1 FOR ICM 
TELL THE PROGRAM WHAT 
PROCESSING THE CURRENT SET OF 
= 0 - REA 0 A NEW SET OF INPUT 
= 12 - STOP 
THE TOTAL NUMBER OF CASUALTY LEVELS FOR 
WHICH EFFECTIVENESS DATA ARE TO BE COMPUT­
ED, IF NCASLEV IS SET = 0, NO INTERPRE­
TATION IS DONE FOR THE EXACT NUMBER OF 




























PROGRAM QUICKIE (INPUT,OUTPUT,TAPE 5 = 1NPUT , TAPE6 = 0UTPIJT) 
DIMENSION IPOST(l'l) 
I I
- ~ - - ' A 1 
U N C B U N I K U B I N U I A 2 
D I M E N S I O N C A S ( 5 0 , , C N N ( 5 0 > A 3 
D I M E N S I O N O T Y P E ( 1 0 ) A 4 
n T M - K . r r o K . H . . - , , r .. . A # e , . I r> / c,. . S Z ( 5 0 ) , P Z ( 5 i) > , C Z ( 5 0 ) A 5 




A 1 0 
A 1 1 
A 1 2 
A 1 3 
A 1 5 
A 1 6 
A 1 7 
A 1 8 
A 1 9 
A 2 0 
C A 2 1 
Q * * * * * ^ * * * * * * * * * * * * * * * * ^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * A 2 2 
C A 2 3 
C I N P U T G U I D E A 2 4 
C A 2 5 
C I N P U T DATA FOR THE F O L L O W I N G C A R O S E T S MUST BE R I G H T J U S T I F I E D IN A 2 6 
C THE S P E C I F I E D C O L U M N S : 1 3 4 5 A 2 7 
C - A 2 8 
0 0 
c 2 * i i -20 * CASIN ( 2 ) * THE SECOND CASUALTY LEVEL A 58 
c * * * A 59 
c * * • * REPEAT UNTIL ALL NCASLEV HAVE BEEN A 60 
c * * • * SPECIFIED. A MAXIMUN OF 8 CASUALTY LEVELS A 61 
c * * * MAY BE SPECIFIED. A 62 
c * * * A 6 3 
c 
p 
* * CASIN(NCASLEV) A 
A 
64 




c 3 * l -5 * NUM * THE NUMBER TO PLACE ON THE FIRST SET OF A 68 
c * * * DATA WHEN IT IS PRINTED. THIS NUMBER IS A 69 
c * * * INCREMENTED FOR EACH SET OF DATA PRINTED A 70 
c * * * FOR THIS SET OF INPUT DATA A 71 
c 3 * 6 -10 * NPOST * THE TOTAL NUMBER OF POSTURE SEQUENCES FOR 
c * * * WHICH EFFECTIVENESS DATA ARE TO BE 
c * * * COMPUTED. IF NPOST = 0i NO POSTURE 
c * * SEQUENCING IS DONE **AND** CARD SET NUM3ER 
c * * * 5 MUST NOT BE EN T ERE 0 • 
c 3 * i i - 15 * N * THE NUMBER OF ROUNDS IN EACH VOLLEY OR A 74 
c * * * THE NUMBER OF AIM POINTS OR PIECES A 75 
c * * * (HOWITIZEP.S) IN EACH VOLLEY A 76 
c 3 * 16 -20 * MVS * THE TOTAL NUMBER OF DISTINCT VOLLEY SIZES 
c * * * FOR WHICH EFFECTIVENESS DATA ARE TO BF 
c * * * COMPUTED 
c 3 * 21 -2 5 * NTS * THE TOTAL NUMBER OF TARGET SIZES FOR 
c * * * WHICH EFFECTIVENESS OATA ARE TO BE 
c * * * COMPUTED 
c 3 * 26 -30 * NRG * THE TOTAL NUMBER OF RANGES FOR WHICH 
c * * * EFFECTIVENESS 0 AT A ARE TO BE COMPUTED 
c 3 * 31 -3 5 B NILE * THE TOTAL NUMBER OF TARGET LOCATION ERRORS 
H 
c * * * FOR WHICH EFFECTIVENESS DATA ARE TO 3E 
c * * * COMPUTED 
c A 85 
c THE PROGRAM WILL OUTPUT NTS *NRG*NTLE DIFFERENT SETS OF EFFECTIVENESS A 86 
c DATA THE FIRST SET WILL CONSIST OF EFFECTIVENESS OATA FOR ALL THE A 87 
c VOLLEY SIZES SPE CIFIED AND FOR NRG(1) t N I L E ( 1 ) t AND NTS(l); THE SECOND A 88 
c SET WILL 3E FOR ALL THE VOLLEY SIZES SPECIFIED AND FOR NRG(l), A 89 
c NTLE (1) , AND NTS(2); ETC, A 90 
c A 91 
Q * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * A 92 
c A 93 
c 4 * 1-5 * NN (1) * THE FIRST VOLLEY SIZE FOR WHICH EFFECTIVE­ A 94 
c * * * NESS DATA ARE TO BE COMPUTED A 95 
c 4 * 6-10 * NN ( 2 ) * THE SECOND VOLLEY SIZE FOR WHICH EFFECTIVE A 96 
G * * * NESS DATA ARE TO BE COMPUTED A 97 
c * • * A 98 
c * * * CONTINUE UNTIL ALL NVS HAVE BEEN SPECIFIED A 99 
c * * • * A MAX IMUN OF 50 VOLLEY SIZES MAY BE A 100 
c * * » * SPECIFIEO. UP TO 10 VALUES MAY BE ENTERED A 101 
c * * m * PER CARD A 102 
c * « * A 103 
c * * NN(NVS) * A 104 
c A 105 
C*********************************************************************** A 106 
c A 107 
c 5 * 1 -5 * IPOST(l) * THE NUMBER ASSOCIATED WITH THE 1ST POSTURE A 108 
c * * * SEQUENCE FOR WHICH THE NUMBER OF ROUNDS A 109 
c * * * REQUIRED TO PRODUCE EACH SPECIFIEO A 110 
c * * * CASUALTY LEVEL IS TO BE COMPUTED. A 111 
c c * 6-10 * IPOST ( 2 ) * THE NUMBER ASSOCIATED WITH THE 2ND POSTURE A 112 
c * * * SEQUENCE FOR WHICH EFFECTIVENESS DATA ARE A 113 
c * * * TO BE COMPUTED A 114 
c * * * A 115 
O 
c * * * CONTINUE UNTIL ALL NPOST POSTURE SEQUENCES A 116 
c * * • * HAVE BEEN SPECIFIED. A MAXIMUN OF 10 PRE­ A 117 
c * * • * DETERMINED POSTURE SEQUENCES MAY 8F A 118 
c * * * SPECIFIED. THE PRE-DETERMINED POSTURE A 119 
c * * * SEQUENCES ARE DEFINED IN SUBROUTINE POST A 120 
c * * • * A 121 
c * * IPOST(NPOST) A 122 
c A 123 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * A 124 
c A 125 
C b * 1 -10 * A (1 ) * THE AIM POINT IN RANGE FOR THE 1ST ROUND A 126 
C 6 * ii -2 0 * r u n * THE AIM POINT IN DEFL FOR THE 1ST ROUND A 127 
c * * • * A 128 
c * * • * REPEAT UNTIL THE AIM POINTS FOR ALL N A 129 
c * * • * ROUNDS HAVE BEEN ENTERED. A MAZIMUN OF 54 A 130 
c * * • * AIM POINTS MAY BE ENTEREO. HOWEVER, ONLY A 131 
c * * • * 6 VALUES MAY BE ENTERED PER CARD? I.E., 3 A 132 
c * * • * AIM POINTS PER CARD A 133 
c * * • * A 134 
c * * A (N) * A 135 
c * * B (N) * A 136 
c A 137 
C********** ************ *********************************** *** *** ** ****** A 138 
c A 139 
C 7 * 1 -1 0 * Ul * NUMBER OF INTER GRAT ION STEPS IN RANGE A 14C 
C 7 * 11 -20 * U2 * NUMBER OF INTER GR ATI ON STEPS IN DEFLECTION A 141 
C 7 * 21 -3fi * SU1 * VOLLEY AIM POINT IN RANGE A 142 
C 7 * 31 -4 0 * SU2 * VOLLEY AIM POINT IN DEFLECTION A 143 
C A 144 
Q * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * A 145 
C A 146 
c 8 * 1 - 1 o * REL * I N F L I G H T P R O J E C T I L E R E L I A B I L I T Y A 1 4 7 
c 8 * 1 1 - 2 0 * OS * DAMAGE F U N C T I O N P A R A M E T E R F O R S T A N D I N G A 1 4 8 
c * * * P E R S O N N E L - FOR ICM U S E 1 , , F O R HE U S E .2 
c 8 -* 2 1 - 3 0 * OP * SAME BUT FOR PRONE P E R S O N N E L A 1 5 0 
c 8 * 3 1 - 4 0 * oc * SAME BUT F O R P E R S O N N E L C R O U C H I N G I N A 1 5 1 
c * * * F O X H O L E S A 1 5 2 
c A 1 5 3 
Q * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * A 1 5 4 
c A 1 5 5 
c 9 * 1 - 1 0 * A A 3 ( 1 ) * T A R G E T LENGTH I N RANGE F O R 1 S T T A R G E T ? OR A 1 5 6 
c * * * THE R A D I U S OF THE T A R G E T , THE PROGRAM A 1 5 7 
c * * * W I L L C O N S I D E R THE ENTRY I N A A 3 AS THE A 1 5 8 
c * * * R A D I U S OF THE T A R G E T I F A A 4 I S E N T E R E D AS A 1 5 9 
c * * * Q . 0 A 1 6 0 
c 9 * 1 1 - 2 0 * A A 4 ( 1 ) * T A R G E T W I D T H I N DEFL F O R 1 S T T A R G E T A 1 6 1 
c * • * • * A 1 6 2 
c * • * * R E P E A T F O R EACH O F THE N T S T A R G E T S . A A 1 6 3 
c * » * * MAXIMUN OF 1 0 T A R G E T S MAY BE S P E C I F I E D . UP A 1 6 4 
c * * * » * T O 8 V A L U E S MAY BE E N T E R E D P E R C A R D ( I . E . 
c * « * * 4 T A R G E T S MAY BE ENTEOED PER C A R D . ) 
c * * AA S ( N T S ) * A 1 6 7 
c * * AA 4 ( N T S ) * A 1 6 8 
c A 1 6 9 
c**************************************** * * ***************************** A 1 7 0 
c A 1 7 1 
c 1 0 * 1 - 1 0 TLE ( 1 ) * T A R G E T L O C A T I O N ERROR IN C I R C U L A R P R O B A B L E A 1 7 2 
c * * * E R R O R S ( C P E ) FOR THE F I R S T S E T OF DATA A 1 7 3 
c 1 0 * 1 1 - 2 0 * TLK ( 2 ) * SAME F O R THE SECOND S E T OF DATA A 1 7 4 
c * • * • * A 1 7 5 
c * * * R E P E A T F O R EACH N TLE U N T I L A L L THE TLE A 1 7 6 
c * * • * HAVE BEEN S P E C I F I E D A MAX IMUN OF 1 0 A 1 7 7 
c * * * * T L E MAY BE S P E C I F I E D . UP TO 3 V A L U E S MAY A 1 7 8 
c * * • * BE E N T E R E D P E R CARD A 1 7 9 
C * . * . • * A 1 8 0 
C • * . * T L E ( N T L E ) * A 1 8 1 
C A 1 8 2 
C * * - * + + A 1 8 3 
C A 1 8 4 
C C A R D S E T S 1 1 1 2 & 1 3 ARE R E P E A T E D 1 C A R D F O R EACH R A N G E . I . E . THERE 
•C MUST BE NRG C A R D S I N EACH S E T . THE F I R S T C A R O G I V E S THE D A T A F O R THE A 1 8 6 
C F I R S T RANGE F O R WHICH E F F E C T I V E N E S S D A T A ARE TO BE COMPUTED ? THE A 1 8 7 
C S E C O N D C A R D G I V E S THE DATA FOR THE SECOND RANGE F O R WHICH E F F E C T I V E - A 1 8 8 
C N E S S D A T A ARE TO BE C O M P U T E D , E T C . DATA FOR UP T O 1 0 R A N G E S MAY BE A 1 3 9 
C E N T E R E D . A 1 9 0 
C A 1 9 1 
C THE UNITS FOR THE LETHAL A R E A S (CARD SET 11) ARE S Q U A R E M E T E R S . A 192 
C A 193 
C 11 * 1-10 * A AL S LETHAL AREA FOR STANDING PERSONNEL A 194 
c 11 * 11-20 * A AL P LETHAL AREA FOR PRONE PERSONNEL A 195 
c ii * 21-3 0 * A AL C LETHAL AREA FOR PERSONNEL CROUCHING IN A 196 
c * * * FOXHOLES A 197 
c 11 * 31-40 * RRATS * RATE OF DEFLECTION TO RANGE FOR DAMAGE A 198 
c * * * FUNCTION FOR STANDING PERSONNEL? FOR ICM A 199 
c * * * USE 1.0 AND FOR HE USE 2.0 
c 11 * 4 0 - 5 1 * RR A TP * SAME FOR PRONE PERSONNEL A 201 
c 11 * 5 1 - 6 0 * RRATC * SAME FOR PERSONNEL CROUCHING IN FOSHOLES A 202 
c A 203 
c * * * * * * * * *************************************************************** A 204 
c A 2Q5 
c * 1 * • TYPE CODE TO IDENTIFY THE UNITS OF THE DELIVERY A 206 
c * * - f ACCURACY OA T A ON THIS CARO. A 207 
c 
* S - UNITS ARE STANDARD DEVIATIONS A 208 
c * * * P - UNITS ARE PROBABLE ERRORS A 209 
c * * * C - UNITS ARE CPE - IN THIS CASE f HE A 210 
H 
VJO 
C * * CPE P R E C I S S I O N E R R O R I S E N T E R E D A 2 1 1 
C * * * I N PER AND 0 . 0 I S E N T E R E D IN P E D * A 2 1 2 
C * * * THE C P E MPI E R R O R I S E N T E R E D I N A 2 1 3 
C • * * * M P I R , AND 0 , 0 I S E N T E R E D I N M P I D 
C 1 2 * 1 1 - 2 0 * P E R * P R E C I S S I O N ERROR IN RANGE A 2 1 5 
C 1 2 * 2 1 - 3 0 * P £ D * P R E C I S S I O N E R R O R IN D E F L E C T I O N A 2 1 6 
C 1 2 * 3 1 - 4 0 * M P I R * M P I E R R O R ( A M I N G E R R O R ) I N R A N G E A 2 1 7 
C 1 2 * 4 .1-5G * M P I D * M P I E R R O R ( A M I N G E R R O R ) I N D E F L E C T I O N A 2 1 8 
C A 2 1 9 
Q * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * A 2 2 0 
C A 2 2 1 
C T H I S C A R D S E T I S E N T E R E D FOR I C M ' S O N L Y . U N I T S ARE M E T E R S . 
C 
c E N T E R THE P A T T E R N R A D I U S F O R THE B O M B L E T S 
C A 2 2 8 
C 1 3 * 1 - 1 0 * E E T 1 * OUTER P A T T E R N R A D I U S I N RANGE A 2 2 9 
C 1 3 + 1 1 - 2 0 * E E T 2 * OUTER P A T T E R N R A O I U S I N D E F L E C T I O N 
C 1 3 * 2 1 - 3 0 * WW1 * I N N E R P A T T E R N R A D I U S I N RANGE A 2 3 1 
C 1 3 * 3 1 - 4 0 * WW2 + I N N E R P A T T E R N R A O I U S I N D E F L E C T I O N A 2 3 2 
C 
Q * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
c 
C T H I S C A R O S E T I S E N T E R E D F O R TC M*3 O N L Y . 
C 
C 1 - * 1 - 1 0 * CNB * NUMBER OF S U S M U N I T I O N S I N THE P R O J E C T I L E 
C 1 4 * 1 1 - 2 0 * REL SUB * SUB M U N I T I O N R E L I A B I L I T Y 
C A 2 4 G 





C FOR E V A L U A T I O N OF P A T T E R N S S E E COMMENTS F O L L O W I N G L I N E A 5 1 6 
H 
c 
C A 242 
C A 2-3 
110 RE AO (5,530) IFLAG, IFLAG2,NCASLEV A 244 
IF (NCASLEV.NE.0) GO TO 120 A 245 
CASIN(1)=0.0 A 246 
GO TO 130 A 247 
120 READ (5,510) (CASIN(I),1=1»NCASLEV) A 248 
130 READ (5,530) NUM,NPOST,N,NVS,NTS,NRG,NTL£ A 249 
READ (5 ,5 30) (NN ( I) , 1=1, NVS) A 250 
OO 140 1=1,NVS A 251 
140 GNN(I)=NN(I) A 25 2 
IF (NPOST .NE. 0) GO TO 150 
IPOST(l) = U 
GO TO 16 u 
150 READ (5, 530 ) (I POST(I),1 = 1,NPOST) A 253 
160 RE AO (5,520) (A(I),B(I),I=1,N) A 254 
170 READ (5,510) Ul,U2,SUl,SU2 A 255 
180 READ (5,510) REL,OS,DP,DC A 256 
190 READ (5,510) (A A 3 (I) ,A A 4(I) ,1=1,NTS) A 257 
200 READ (5,510) (TTLE(I),1=1,NILE) A 258 
210 READ (5, 520) (AALS( I) , RRATS (I) ,1 = 1,NRG) A 259 
2 2 0 READ (5,6 00 ) (OTYPE(I),SS1(I),SS2 (I),TTi(I),TT2(I),1 = 1,NRG) A 261 
C A 262 
C * CHECK TO SEE IF INPUT DATA IS FOR ICM OR HE A 263 
C A 264 
IF (IFLAG. E Q . I ) GO TO 240 A 265 
* INPUT 13 FOR HE. SET THE ICM VALUES (CARD SET 13) EQUAL TO 0. 







GO TO 250 
CONTINUE 
* INPUT IS FOR ICM - READ THE REST OF DATA FOR THIS SET 
REAO (5,515) (EETI(I) ,EET2(I),WW1 (I) , WW 2(I)»I-l,NRG) 
READ (5,515). CN 3, REL SUB 
MB = C NB 
WRITE (6,610) 
* RANGE LOOP STARTS HERE - THE HIERARCHY IS RANGE, TLE, AND NTS 
* EACH SET OF COMPUTIONS IS CONTROL BY A DO LOOP WITH NTS BEING 
* THE INNER LOOP AND NRG THE OUTER LOOP 
00 -70 13-1,NRG 
* SET 80 MBLET PATTERN FOR THIS CASE 
ET1=E£T1(I3) 
ET2=EET2(13) 
W1 = WW1 (I 3) 
W2=WW2(I3) 
* SET UP OELEVERY ACCURACY OATA FOR THIS CASE, ALL UNITS ARE 
* CONVERTED TO STANDARD DEVIATIONS 
IF (DTYPE(13) .EG.iHS) GO TO 270 
IF (DTYPE(Ii).EQ.1HP) GO TO 260 A 293 
C A 299 
C * 0ELE VERY ACCURCY DATA IS INPUT IN UNITS OF CPE A 300 
C A 301 
IPT = 1 
PER = .8*>93*SSi (13) A 302 
PE 0 = PE R A 303 
MPIR = . 8 4 9 3 * T n ( 13) A 304 
MPID=MPIR A 305 
GO TO 280 A 3 06 
260 CONTINUE A 307 
C A 308 
C * DLLIVERY ACCURACY DATA IS INPUT IN UNITS OF PROBABLE ERRORS A 309 
C A 310 
IPT = 2 
PE R = 1, 4 82 6 *S S i(13) A 311 
PEO = l% 4 82 6* SS2(13) A 312 
MPIR=1.4826*TT1(I3) A 313 
MPIO=l.4826*112(13) A 314 
GO TO' 2 80 A 315 
270 CONTINUE A 3l6 
C A 317 
C * DELEVERY ACCURCY DATA IS INPUT IN UNITS OF STANDARD DEVIATIONS A 318 
C A 319 
IPT = 3 
PER = SS1 (13) 
PEO=SS2(13) 
MPIR=TT1(13) 
MPID = TT2( 15) 
2 80 CONTINUE 
S1=PER 
A 3 20 
A 321 
A 322 
A 323 | 
A 3 24 4 
A 3 25 
H 
- V I 
S2=PE0 A 326 
c A 327 
c * SET LETHAL AREA DATA FOR THIS CASE A 328 
c A 329 
ALS=AALS(I3) A 330 
c A 333 
c * SET RATIO DATA FOR THIS CASE A 334 
c A 335 
RATS=RRATS(13) A 336 
c A 339 
c * TLE LOOP STARTS HERE A 340 
c A 341 
OO -70 12=1,NTLE A 342 
TLE=TTLE(12) A 3 43 
c * COMBINE THE MPI ERROR WITH THE TLE TO DETERMINE THE TOTAL BIAS A 344 
c * ERROR A 345 
T1 ="SQRT (MPIR**2*-(.tt-9 3*TLE)**2) A 346 
T2=SQRT(MPID**2+(.8493*TLE)**2) A 347 
c A 348 
c * TARGET SIZE LOOP STARTS HERE A 349 
c A 350 
OO 470 11=1,NTS A 3 51 
c A 352 
c * SET THE TARGET SIZE FOR THIS CASE A 353 
c * A3 = LENGTH OF TARGET IN RANGE A 354 
c * A4 = WIDTH OF TARGET IN DEFLECTION A 355 
c A 356 
A 3 = A A3 (11) A 357 
Aur-AA-dl) A 358 
c A 359 
c * WRITE THE INPUT DATA FOR THIS CASE A 360 
c A 361 









Ul,U2,SU1,SU2 .PEL,OS,OP,DC, A3 
IF (A- . EQ. 0.0) GO TO 282 
WRITE (6,55 0) Ul,U2,SUi,SU2,REL,0S,DP,DC,A3, A 4 
GO TO 284 
WRITE (6,555) 
CONTINUE 
IF (IPT .El}. 
IF (IPT .£Q. 













SSI(13),SS2 (13),TTl (13) ,TT2 (13) ,TLE,ALS,RATS 
(A(I),I=1,N) 
(B(I),1=1,N) 
* RAT IS THE RATIO OF R2/R1, WHICH CHARACTERIZES THE ECCENTRICITY 
* OF THE DAMAGE FUNCTION, WHICH IS AN ELLIPSE WITH E = SQRT(1 -
* R1*R1/R2*R2). AL(LETHAL AREA) = PI*R1*R2. Rl AND R2 ARE 
THE MEAN SQUARE RADIAL DAMAGE DISTANCES ALONG THE X AND Y AXES, 
* RESPECT IVELSY. 





CHECK TO SEE IF THE TOTAL BIAS ERROR IN 
THE TOTAL BIAS ERROR IN DEFLECTION IS -
00000001 
0 0 0 0 0 00 1 
TO 290 
TARGET, COMPUTE EQUIVALENT 
RANGE 
0 . 0 
IS = 0 . 0 OR IF 
(Ti.EQ.0,) 
(T2.EQ. 0 .) 
( A-r • NE . 0 • 0 ) 
A3 = RADIUS 
A 3 = SQRT(PI)*A3 
A 4 = A 3 
CONTINUE 
Tl = . 
T2 = 
GO 
OF LENGTH ANO WIDTH 

























c * A2 = TARGET HALF WIDTH A 394 
c A 395 
A1=A3*.5 A 396 
A2=A4*.5 A 397 
c * SQUARE THE PRECISION ERROR IN RANGE AN 0 OEFLECTION A 3 98 
S1SQ=S1*S1 A 399 
S2SQ=S2*S2 A 400 
c * MULTIPLY 2 BY EACH OF THE DAMAGE FUNCTION PARAMETERS A 401 
TDS=2.0*DS A 402 
TDP=2.0*OP A 403 
TOC = 2 . G*OC A 404 
c * COMPUTE Ql AND Q2 FOR EACH POSTURE, I.E. STANDING! SSQ1 AND A 405 
c * SS02; PRONE t PSQ1 AND PSQ2 * CROUCHING J CSQl AND CSQ2 A 406 
SSQi =SQRT ( (SRi*SRl) / T D S T - S l S Q ) A 407 
SSQ2-SQRT((SR2*SR2)/TDS+S2SQ) A 410 
c A 413 
c * COMPUTE THE MAXIMUM DEVIATION IN THE X (AJMX) AND Y (BJMX) A 414 
c * DIRECTIONS OF THE AIM POINTS OF THE ROUNDS FROM THE VOL LEY AIM A 415 
c * POINT. I.E. DETERMINE THE HALF DIMENSIONS OF THE RECTANGLE A 416 
c * WHICH CONTAINS ALL THE HOHITIZER AIM POINTS A 417 
c A 418 
AJMX =ABS (S'Jl-A (1) ) A 419 
3 J MX = A B S ( S U2 -8 (1 ) > A 420 
c * DETERMINE IF MORE THAN 1 ROUNO HAS BEEN ENTERED A 421 
IF (N.EQ.l) GO TO 310 A 422 
OO 3 00 J=2,N A 423 
ASUl-ABS(S'Jl-AU) ) A 424 
BSU2=ABS(SU2-3(J)) A 425 
IF ( ASIJ1 . GT . AJMX ) AJMX=ASU1 A 426 
IF (BSU2.GT.BJMx) BJMX=BSU2 A 427 
300 CONTINUE • A 428 
310 CONTINUE A 429 
H 
O 
c A 430 
c * CHECK TO SEE IF THE AIMPOINTS ARE SYMMETRIC ABOUT THE X AND/OR A 431 
c * Y AXES A 432 
c A 433 
SSU3=0.G A 434 
SSU4=0.0 A 435 
OO 320 J = 1,N A 436 
NJ1=N-J*1 A 437 
SSUJ=SSU3+A3S(A(NJ1)+A(J)) A 438 
SSU4=SSU4 +A3S(B(NJ1) + B (J)) A 439 
320 CONTINUE A 44 0 
Su3=SUi+SSU3 A 441 
SUtr = SU2 + SSU4 A 442 
c * IF SU3 = 0 . 0 , THEN THE BATTERY (OR HOWITIZER) AIMPOINTS ARE A 443 
c * SYMMERTIC ABOUT X (OR IN RANGE) ANO THE SUMMATION OR INTERGAL A 444 
c * LIMIT IS 1U, IF SU3 IS NOT = 0.0 , THEN IT IS NOT SEMMERTIC A 445 
c * A NO THE SUMMATION MUST BE TAKEN TO 2*U1 A 446 
IF (SU3.EQ.0.) GO TO 330 A 447 
U3=2.*U1 A 448 
GO TO 340 A 449 
330 U3 = Ui A 450 
C * IF SU4 = 0.0, THEN IT IS SYMMERTIC IN Y (OR DEFLECTION) ANO THE A 451 
C * SUMMATION OR INTERGRAL LIMIT IS U2. IF SU4 IS NOT = TO 0.0, A 452 
c * THEN IT IS NOT SUMMERTIC AND THE SUMMATION MUST BE TAKEN TO A 453 
c * 2*U2. A 454 
IF (SU4.EQ.0.) GO TO 350 A 455 
U4 = 2.*i.)2 A 45 6 
GO TO 360 A 457 
350 =L2 A 458 
360 CONTINUE A 45-9 
C * CONVERT THE SUMMATION LIMITS TO INTEGERS. A 460 
LU3=U3 A 461 
LU4=U4 A 462 
TU1=T1*U1 A 463 
TU2=T2*U2 A 464 
ATl=Ai/Tl A 46 5 
AT2=A2/T2 A 466 
IF (Ti.£Q..00000001) GO TO 430 A 467 
c A 468 
c * DETERMINE THE CENTERS OF THE INTEGRATION RECTANGLES 3Y A 469 
c * (X(J),Y(J)) A 470 
c * SEl AND SEE ARE THE STEP SIZES IN THE X AND Y DIRECTIONS A 471 
c A 472 
SE1= t-ATl) /Ul A 47 3 
SE12=SE1*, 3 A 474 
AK = U3 A 475 
GO TO 380 A 476 
370 AK = A K-l• A 477 
380 AX = FXJ(A K) A 478 
C * DETERMINE AK .LE. U3 SUCH THAT AA = H- • (AX,Al/Tl) .GT. . 0001 A 479 
C * I.E. START WITH THE INTEGRATION LIMIT AND REDUCE IT BY 1 UNTIL A 480 
c * AA . GT. , 00 0 1 A 481 
CALL H (AX.ATl.HXL) A 482 
AA=1.-HXL A 483 
IF (AA.GT..0001) GO TO 390 A 484 
GO TO 370 A 485 
390 SE3= (SE12+AX)/Ul A 4 8b 
SE2= U . + AT2) /U2 A 487 
SE22-SE2* .5 A 488 
AK = U4 A 489 
GO TO 410 A 490 
400 AK=AK-1. A 491 
410 A Y = FYJ(AK) A 492 




C RATA • • 6 GUNS, PATTERNS 1 A NO 2. 
c PATB * • 6 GUNS, PATTERNS LAZY W, BCS HORIZONTAL , 3, 4, 5, 
c PATC t b GUNS, PATTERNS BCS VERTICAL, 7, 8, 9, ANO 10. 
c PA TD • 
« 




PATE c GUNS, ALL PATTERNS. 
CALL PA T A 
CALL PATB 
CALL PATC 
CALL PA TO 
IF (A A•G T•• 0 001 ) GO TO 420 
GO TO 400 
420 St4= (SE22+AY)/U2 
430 IF (IFLAG.EQ.l) CALL Z100 
IF (IFLAG.EQ.l) GO TO 46 0 
IF (Tl.EU,. .00 COO 0 01) GO TO 45 0 
GSE1=(AJMX+4.*SSQ1)/TU1 
G S E 2 = ( B J M > + 4 . * S S Q 2 > / T U 2 
S E1 2 = A MIN1 ( S E 3 , G S E1) * . 5 
SE22=AMIN1(SE4,GSE2)*.5 
45 0 CALL A50 




C THE FOLLOWING SUBROUTINES SEARCH VARIOUS AIMING POINT PATTERNS 
C FOR THE CONTROL PARAMETERS WHICH PRODUCE OPTIMAL VALUES FOR 
C EXPECTED TARGET COVERAGE FOR EACH PATTERN AGAINST EACH TARGET 
C EVALUATED, SELECT DESIRED PATTERNS AND ELIMINATE CALL STATE-









GO TO (120,13 0,150,160,17 0,18 0,190,20 0, 210,22G ,240,500) , IFLAG2 A 519 
500 STOP A 524 
C A 525 
510 FORMAT (8F10.5) A 526 
515 FORMAT (4F1G.5) 
52 0 FORMAT (6F1G.5) A 527 









55 0 FORMAT (/hX,2 HU1, 3X , 2 HU2 , 8X , 3 H SU1, 7 X , 3H SU 2,7 X , 3HREL,7X, 2HDS,8X,2HD A 531 
1P,«X',2HDC,8X , 2HTL,8X, 2HTW/10F1Q .3) A 532 
551 FORMAT (8X,33H(CIRCULAR ERROR PROBABLE - CEP'S)) 
552 FORMAT (15 K•17 H(PROS ABLE ERRORS)) 
5 53 FORMAT (13*,21H(STANDARD DEVIATIONS)) 
555 FORMAT 
1P,8\',2 
( /6 X , 2 HU 1 , 8 X , 2 HU2 , 8X , 3 H SUl , 7X , 3H 
HDC,3X,2HRT/9F10.3) 
SU2,7X, 3HREL,7X, 2HDS,8X,2HO 
560 FORMAT (6X,3 HPE R,7 X,3 H PF D,6X,4HMPIR,6X, 4HMPID, 6X,3HTLE, 7X , 3HALS,7X 
1,&HRATIOS/11F1G.3) A 534 
570 FORMAT 
110.3) 




58G FORMAT (/19H RANGE COORO ,1G(F5.0 ,2X)) A 537 
590 FORMAT (/19H DEFLECTION COORO ,10(F5.0 ,2; )) A 5 38 
600 FORMAT (Al,9X,4Fl0.5) A 539 
610 FORMAT (1H1) A 540 
620 FORMAT (-1H WATCH OUT FOR INTEGRATION SIZE IN RANGE) A 541 
6 30 FORMAT (4bH WATCH OUT FOR INTEGRATION SIZE IN DEFLECTION) A 542 
END A 543 
* DE CK A50 
H 
SUBROUTINE A50 CD 1 
DIMENSION IPOST(IO) B 2 
DIMENSION CAS (50), CNN(50) B •? 
DIMENSION A (54) , B(54) B 4 
DIMENSION SZUM(5G), P Z U M ( 5 0 ) , C Z U M ( 5 G ) , S S U M ( 5 0 ) , PSUM( 5 0 ) , CSUM(5 B 5 
1 0 ) , NN(5G), SZ(50), PZ(50), CZ (50) B 6 
COMMON /BLOCK!/ NN,N,NVS,SZ,PZ,CZ,SE12,SE22,ATI,AT2,LU3 ,LU4,T1,T2, a 7 
1A1,A2,SU3,SU4,SSQ1,SSQ2,PSQ1,PSQ2,CSQ1* CSQ2,PI,P12,SU1, SU2,A,B,U1, B 8 
2U2,SE1,SE2,SRI,SR .2,PR1,PR2,CRi,CR2,REL,SQR2,NPOST,I POST ,ET1,£T2,Wl 3 9 
3,W2,ES1,ES2,SC45,PC4 5.CC4 5 ,IFLAG,NB,CNN , TTT,CN8,U3,U4,W SI,WS2,CA SL B 10 
4£V»CAS,RELSUB,31,S2,AJMX,BJMX,TU1,TU2,SE3,SE4,NUM B 11 
IF (Ti.EQ..000000 01) GO TO 170 8 12 
00 110 1=1,NVS 8 13 
n o SZUM(I)=0.0 B 14 
00 160 J=1,LU3 B 17 
DO 120 1=1,NVS 3 18 
120 SSUM(I)=0 .0 B 19 
AJ = J B 22 
;< = FXJ (AJ) B 23 
DO 1*0 K=1,LU4 B 24 
AK = K 8 25 
Y=FYJ(AK) B 26 
CALL K6 (X,Y,SPK6) 8 27 
CALL FF (Y,SE22,AT2,1.,AF) B 28 
00 130 1=1,NVS 8 29 
130 S S U M(I)= S S J M(I) + (1•-(1•-SPK6)**NN(I) )*A F B 3 0 
140 CONTINUE B 33 
CALL FF (X,SE12,A Tl,1 . ,AF) B 34 
00 15 0 1=1,NVS B 35 
150 SZUM(I) =SZLJM( I) +SSUM (I) *AF B 36 
160 CO NT INLIE 8 39 
170 IF (Tl.GTt.OOOOOOOl) GO TO 250 B 40 
0\ 
S£1=A1/U1 B 41 
SE12=SE1*.5 B 42 
SE2=A2/U2 B 43 
SE22 = SE2* .5 B 44 
GO 180 1=1,NVS B 45 
180 SZUM(I)=0.0 B 46 
1JD 2 30 J = 1,LU3 B 49 
DO 19 0 1=1,NVS B 50 
190 SSUM(I)=0.0 3 51 
AJ = J B 54 
X = F>J(AJ) 8 55 
00 210 K=1,LU4 B 5 6 
A K = K B 57 
Y = F Y J ( A K ) 8 58 
CALL K6 (X,Y,SPK6) B 59 
00 200 1=1,NVS B 60 
200 SSUM(I)=SSUM(I)+(1.-(1.-SPK6)**NN(I)) 8 61 
210 CONTINUE B 64 
00 220 1=1,NVS B 65 
220 SZUM(I)=SZUM(I)+SSUM(I)/U4 B 66 
230 CONTINUE B 69 
00 240 1=1,NVS B 70 
2"0 SZ(I)=SZUM(I)/Uo B 71 
RETURN B 74 
250 TEMP=1.G 8 75 
IF (SU3.EQ.C.) TEMP=2.0 B 76 
IF (SU4.EQ.0.) TEMP=2.0*TEMP B 77 
00 26 0 I=i,NVS B 78 
260 SZ<I)=TEUP*SZUM(I) B 79 
RETURN 8 82 
END B 83-
*D£CK A H 3 
SUBROUTINE A H 3 (AZ,BZ ,XX,YY,P113) C 3 
DIMENSION IPOST(IO) c 4 
DIMENSION CAS (50 ) , CNN(50) c 5 
DIMENSION N N ( 5 0 ) , A ( 5 4 ) , B(54), S Z ( 5 0 ) , PZ(5 0 ) , CZ ( 5 0 ) c 6 
COMMON /BLOCK!/ NN,N,NVS,SZ,PZ,CZ,SE12,SE22, ATI,AT2,LU3,LU4,T1,T2, c 7 
1A1,A2,SU3,SU4,SSQi,SSQ2,PSQl,PSQ2,CSQ1,CSQ2, PI,PI2,SUl,SU2,A,B,U1, c 8 
2 U 2 , S E1, S E 2, SRI, SR2,PR 1,PR2,CRi,CR2,REL, SQR2, NPOST,IPOST,ET1,ET2,Wi c 9 
3,W2,ES1,ES2,SC4 5,PC4 5,CC*5,IFLAG,NB,CNN,T TT, CN3,U3,U4,WS1,WS2,CASL c 10 
4EV,CAS,RELSJB,S1,S2, A J M>" , B J MX , T U 1 , T U 2 , S E 3 , SE 4,NUM c 11 
L U 5 •= 4 0 c 12 
UU5=LU5 c 13 
Vv/5-0.0 c 14 
E5=2,*PI/UJ5 c 15 
SK-VV5 c 16 
PSUM=0. c 17 
DO 120 J=i,LU5 c 18 
IF (J.EQ.l) GO TO 110 c 19 
SK=SKfE5 c 20 
110 SSK-SIN(SK) c 21 
COSK-COS(SK) c 22 
ZK=BZ*XX*COSK+AZ*YY•SSK+AZ+BZ c 23 
CK=(AZ^COSK+XX)^*2 +(B Z*SS K +YY)**2 c 24 
A,YZJ = Z113 (CK) c 25 
PSUM=PSUM+ZK*XYZJ/UU5 c 26 
120 CONTINUE c 27 
P113=PSUM c 28 
RETURN c 29 
END c 30-
C • • • / / / • * * / / / * / / / * * * / / / • • • / / / * * * / / / / / • • • / / / • • • / / / • • • / / / • • • / / / D 1 
c 0 2 
•DECK BIGG 
FUNCTION BIGG (T) D ; 3 
H 
S2=SQRT(2,) D 4 
TA=T/S2 D 5 
BIGG=.5*(1.+ERF (TA) ) D 6 
RETURN 0 7 
END D 8-
c * * * ///•*** ///***• / / / * * * / // * * * / / / * * * / / / * * * / / / * * * / / / * * * / / / * * * / / / * * * / / / F 1 
c E 2 
*OECK DVD I NT 
SUBROUTINE DVD I NT (X , F X , XT,FT,NP, NO) E 3 
DIMENSION X T ( N P ) , F T ( N P ) , T(16) E 4 
N = NO E 5 
Nl= <N-l)/2 E 6 
N2=N/2 E 7 
N3=NP-N2+1 E 8 
IF (NP-N) 260,110,110 E 9 
110 N4=Nl+2 E 10 
IF (XT(1)-KT(2>) 120,340,270 r 11 
120 CONTINUE F 12 
IF (X-2. *XT(1)+XT (?) ) 250 ,2 50, 13 0 E 13 
130 IF (X-2 .*) T (NP) +) T (NP-1) ) 140,140 ,250 E 14 
140 IF (NP.LT.10) GO TO 160 E 15 
N5=NP-N E 16 
150 N5=N5/2 E 17 
N6=N4+N5 E 18 
IF (XT'(N6) .L r .X) N4=N6 E 19 
IF (N5.GT.1) GO TO 150 E 20 
160 IF (X-XT(N4)) 190,170,170 E 21 
170 IF (N4-N3) 180,190,180 E 22 
130 N4=N4+1 E 23 
GO TO 16 0 E 2 4 
190 N4=N4-1 E 25 
N5=N4-Nl E 26 
DO 2 00 1 = 1, N UJ 27 
T ( I ) = F T ( N 5 ) F 28 
200 N5=N5+1 E 29 
L=(N+1)/2 E 30 
TR = T ( L ) E 31 
N6 = N4 r 32 
N7=N4+1 E 33 
Jll = i E 34 
N2=N-1 E 35 
UN=1.0 E 36 
OO 240 J=1,N2 i_ 37 
= M ; T - N I E 38 
N3=N-J rr 39 
00 210 1=1,N3 E 40 
N8 = N5+-J E 41 
T(I)=(T(I+1)-T(I))/(XT(N8)-XT(N5)) E 42 
210 N~=N5+i E 43 
GO TO (22 0, 2 3 0) , JU E 44 
220 UN=UN*(X-X T(Nb) ) E 45 
JU = 2 E 46 
N6=M6-i E 47 
GO TO 24 0 E 4 8 
230 UN=UN* (X- T (N7) ) E 49 
J l=i E 5 0 
N7=N7+1 E 51 
L = L - 1 E 52 
2H0 T R = T R + U N * T ( L ) E 5 3 
Fx =TR E 54 
RF TURN E 55 
250 WRITE (6,350) X , X T ( l ) , X T ( N P ) E 56 
STOP E 57 
260 WRITE (6,360) NP,NO E 58 
H 
vO 
STOP E 59 
270 IF (X-2.*XT(i)fXT (2 > ) 2 80 ,25 0, 2 50 E 60 
280 IF (X-2 .* T (NP) T (NP-1) ) 2 50,29 0 ,29 0 E 61 
290 IF (NP.LT.iO) GO TO 310 E 62 
N5=NP-N E 63 
300 N5=N5/2 E 64 
N6 = N4 + N5 E 65 
IF (XT(Mb) .GT .X) N4 = N6 E 66 
IF (N5.GT.1) GO TO 30 0 E 67 
310 IF (X-XT(N4) ) 320,320,190 E 68 
320 IF (N4-N3) 330,190,330 E 69 
330 N4 = N V H E 70 
GO TO 310 c 71 
340 WRITE (6,370) XT(i) r 72 
STOP E 7 3 
C F 74 
350 FORMAT (23H ARG. NOT IN TABLE X = , E 1 4 • 7 , 9H XT(1)= ,E14-7,10H XT E 75 
1(NP)= ,E14.7,2x,6HU\/DINT) E 76 
360 FORMAT (22H TABLE TOO SMALL NP- ,15,&H ND = , I5,2X,6HD\/OINT) E 77 
370 FORMAT (23H CONSTANT TABLE >'T(1) = ,E14. 7, 2X, 6HOVDINT) E 78 
END E 79-
C * * * / / / * * * / / / • * * * • / / / * * * / / / * * * / / / * * * / / / * * * / / / * * * / / / F 1 
C F 2 
•DECK ERF 
FUNCTION ERF (X) F 3 
A = A B S (X ) F 4 
IF (A.GT.4.17) GO TO 110 F 5 
GO TO 120 F 6 
110 ERF=1,0 F 7 
GO TO 150 F 8 
120 IF (A.GT. 1.51) GO TO 13 0 F 9 
GO TO 1-0 F 10 
ON 
O 
130 ERF=1.0-EXx;(-A*A)*2.0*0.5 641«95 84*(0.5*A/(A*A+0 . 5-C0.5/(A*A + 2.5-(3 F 11 
1 . 0 / ( A * A + 4 , 5 - ( 7 , 5 / (A*A+6.5-(10,8 0 3/(A*A+4.269)))))))))) F 12 
GO TO 150 F 13 
m-o ERF =2. G*A*. 5641895:84* (j.. 0-1. G 28.1* A* A / (A*A+10 . 216+ (-167. 17/ (A* A+9. 8 F 14 
1103+ (201. 39/(A*A+11.57+(31.228/(A*A-l,773+(6 4.22 9759/(A*A+5.577724 F 15 
25) )))))))) ) F 16 
150 IF (X.LT.0,0) ERK=-ERF F 17 
RETURN F 18 
END F 19-
C ***///***///**+///+**///***///***///***///+**///***///***///***/// G 1 
C G 2 
•DECK FF 
SUBROUTINE FF (OX,OY,OL,S,AF) G 3 
AF=0. G 4 
XPY-=OX+OY G c 
XMY=OX-OY G 6 
CALL H (XPY,OL,HXL) G 7 
El=HXL G 8 
CALL H (XMY,OL,H/L> G 9 
E2=HXL G 10 
AF=£1-E2 G 11 
RETURN G 12 
E ND G 13-
C ** * ///***///*** ///*** ///*** ///*** ///*** ///*** ///***///**•*///*** / // H 1 
c H 2 
* DECK FXJ 
FUNCTION FXJ (XX) H 3 
DIMENSION IPOST(IO) H 4 
DIMENSION C A S ( 5 0 ) , CNN(50) H 
DIMENSION N N ( 5 0 ) , A(54)* B(54), SZ(50), PZ(5Q), CZ(50) H 6 
COMMON /BLOCK!/ NN,N,NVS,SZ,PZ,CZ,SE12,SE22,ATl,AT2,LU3,LU4,Tl, T2, H 7 




2U2,SE1,SE2,SR1,SR2,PR1,PR2,CR1,CR2,REL,SQR2,NP0ST,IP0ST,ET1,ET2,W1 H 9 
3,W2 ,ES1,ES2,SC45,PC4 5,CC4 5, IFLAG,N8,CNN,TTT,CN3,U3,U4,WS1,WS2,CASL H 10 
4EV,CAS,RELSUB,Sl,S2,AJMX,BJMX,T U1,T U2,S E3,S E H , N U M H 1 1 
IF -(XX.NE.O.) GO TO 110 H 12 
FXJ=0. H 1 3 
GO TO 130 H 14 
110 IF (SU3.NE.O.) GO TO 120 H 15 
FXJ=(2.*XX-1.)*SE12 H 16 
GO TO 130 H 17 
120 FXJ = (2.*XX-i.-2.*U1)*SE12 H 18 
130 RETURN H 19 
END H 20-
C ** * / // ***///*** ///***///***///*** / //*** ///***///•*•**///***///***/// I 1 
C I 2 
* D E CK FY J 
FUNCTION FYJ (XX) I 3 
DIMENSION I P O S T ( i O ) I 4 
DIMENSION CASC50), CNN(EO) I c 
DIMENSION NN(EO), A(54) f 8(54), SZ(50), PZ(50), CZ(50) I 6 
COMMON /BLOCK1/ NN,N,NVS,SZ,PZ,CZ,SE12,SE 22,ATl,AT2,LU3,LU4,T1,T2, I 7 
1A1,A2,SU3,SU4,SSQ1,SSQ2,PSQ.l,PSQ2,CSQi,CSQ2, PI,PI2,SU1,SU2,A,B ,U1 , I 8 
2U2,SE1,SE 2,SRI,SR2,PR1,PR2,CR1,CR2,REL,SQR2,NPOST,I POST,ET1,ET2 , W 1 I 9 
3, W2,ES1.ES2,SC4 5,PC4 5,CC4E,IFLAG,NB,CNN,TTT,CN8,U3,U<*•,WS1,WS2,CASL I 10 
wEV, CAS,RELSUB,S1,S2,AJMx,BJMX,TUl,TU2,SE3 , SE 4 , NUM I 1 1 
IF (XX.NE.O.) GO TO 110 I 12 
FYJ = 0 . I 13 
GO TO 130 I 14 
110 IF (SU4,NE.O.) GO TO 120 I 15 
FYJ= (2.*XX-1.)*SE22 I 16 
GO TO 130 I 17 
120 FYJ = <2.*XX-i.-2.*U2> *SE2 2 I 18 
130 RETURN I 19 
END I 2 0 -
c * * * / / / * * * / / / * * * / / / + * • • / / / * * * / / / * * * / / / * * * / / / * * * / / / * * * / / / * * • * / / / • * * * / / / J 1 
c J 2 *DE CK H 
SUBROUTINE H (YX,YL,HXL> J 3 HXL= 0 . J 4 IF (-YL.EQ.0.) GO TO 110 J 5 > PL = YX+YL J 6 X ML = YX-YL J 7 X=XPL*BIGG(XPL) J 8 Y = XML*BIGG (X ML) J 9 Z=SMG(XPL) J 1C Z1 = SMG (XML) J 11 HXL= (X-Y + Z-Zi) / (2 .*YL ) J 12 GO TO 120 J 13 110 HXL=3IGG(YX) J 14 120 RETURN J 15 
END J 16-C ***///***///***///***///***///***///***//y***/// K 1 
C K 2 
*DE CK K6 
SUBROUTINE K£ (XX,YY,SPK6) K 3 
DIMENSION IPOST(IO) K 4 
DIMENSION C A S ( 5 0 ) , CNN(50) K 5 
DIMENSION NN(50>, SZ(5Q), P Z ( 5 0 ) , CZ(5Q) K 6 
DIMENSION A ( 5 0 , 3(5 - ) K 7 
DIMENSION A.J A (E - ) » YU8C54) K 8 COMMON /BLOCK 1/ NN,N,NVS,SZ,PZ,CZ,SE12,SE22,AT1,A12,LU3,LU4,T1,T2, K 9 
1A1,A2,SU3,Su4,SSQl, SSQ2,PSQ1, PSQ2,CSQ.l, CSQ2, PI, PI 2 , SU1, SU2 , A , 8, Ul, K 10 
2U2 , SE1, S E 2, SRI, SR2, PR 1, PR 2, CR 1, CR2,REL, SQR2, NPOS'T t I POST,ET1,ET2,Wl K 11 
3,W2,E SI,E S2,SC4 5, PC4 5 » C O 5 , IFL AG , NB , CNN , T TT » CNB , U3 , U^ , WS 1, WS2, CA SL K 12 
4EV,CAS,RELSJB,SI,S2,AJMX,BJMX,TU1,TU2,SE3,SE 4,NUM K 13 
ON 
V>3 
3PKP=1.0 K 14 
00 120 J=1,N K 17 
IF (Tl.tQ,,0U0 00 001) GO TO 110 K 18 
XUA (J)=XX*T1 + SU1-A(J) K 19 
YUB (J)=YY*T2+SU2-8(J) K 20 
GO TO 120 K 21 
110 XUA (J)=XX+SUi-A(J) K 22 
YUB (J)=YY+SU2-3 (J) K 23 
120 CONTINUE K 24 
IF ( IFLAG.EQ.l) GO TO 14G K 25 
00 130 J=1,N K 26 
X T A = XU A (J ) K 27 
CALL PP ( X TA, 1,SPXJ) K 28 
SPX1=SPXJ K 29 
Y T A = Y U B (J ) K 32 
CALL PP (YTA,2,SPXJ) K -* * 
SPY1=SPXJ K 34 
SPKP=SPKP*(1.-SPXl*SPYi*REL) K 37 
130 CONTINUE K 40 
GO TO 180 K 41 
1^0 00 170 J=1,N K 42 
X T A = X U A (J ) / S1 K 4 3 
YTB=YUB(J)/S2 K 44 
CALL All 3 (E S 1, E S 2 »;< T A * Y T B , P11 3) K 45 
PA=P113 K 46 
IF ( W 31•£ Q•0•0•A N 0.W S 2•E Q . 0,0) GO TO 150 K 47 
CALL A113 (WSl,WS2,XTA,YTB,P113) K 48 
GO TO 16 0 K 49 
15 0 Pl13=0. K 50 
160 SPKP = SPKP*(1 .-SC4 5*(PA-PI13) ) K 51 
170 CONT INUE K 5 4 
180 SPK6=i.-3PKP K 5 5 
I—1 ON 
RETURN K 58 
E NO K 59-
c * * * / / / * * * / / / * * * / / / * * * / / / * * * / / / * * * / / / * * * / / / * * * / / / * * * / / / * * * / / / * * * / / / L 1 
c L 2 
*DE CK POST 
SUBROUTINE POST L 3 
DIMENSION A ( 5 * ) , 8(54) L 4 
DIMENSION CAS(50), CNN(50), I P O S T U O ) L 5 
DIMENSION NN<50), FS(10,5G), FP(10,50), FC(10,50) , S Z ( 5 0 ) , PZ(50), L 6 
1 C Z ( 5 G ) , ESS(EG), ESP (50), ESC (50), SS( 50), S P ( 5 0 ) , S C ( 5 G ) , ESV(5G L 7 
2 ) , V S ( 5 G ) , VP(5G), \/C(5G), ECAS(10,50) L 8 
COMMON /BLOCK!/ NN,N,NVS,SZ,PZ,CZ,SE12, SE 22,ATI,A T2,LU3 » LU4,T1,T2, L 9 
1 A1, A 2 , SU J,SU4,S S Ql, SSQ2 , PSQ1, PSQ2 , C SQ.l , CSQ2,PI,PI2,SU1,SU2,A,B,U1, L 10 
2U2.SE1,SE2,SR1,SR2,PR1.PR2,CR1,CR2,REL, SQR2,NPOST,I POST,ET1,ET2,Wl L 11 
3, W2,ESl,FS2,SC45,PO-6,CC45,IFLAG,N3,CNN ,TTT,CNB,U3,U4,WS1,WS2,CASL L 12 
<~E V , CAS , RELSUO , SI, S2 , AJMX' , BJMX , TU1, TU2,S E3 ,SE4,NUM L 13 
COMMON /BLOCK2/ NCASLEV,CAS IN(8) L 14 
C L 15 
C POSTURE NO. 1 ALL STANDING L 16 
DATA (FS(1,J) ,J=1,3G)/30*1./, (FP(1,J) ,J = 1 ,30)/30*0./, (FC (1,J),J=i, L 17 
130)/30*Q./ L 18 
C L 19 
c POSTURE NO. 2 ALL PRONE L 20 
DATA (FS(2,J),J=l,30)/3 0*0./,(FP(2,J),J =1 ,30 )/30*i ./, (FC (2,J),J=1, L 21 
130)/30*G. / L 22 
c L 23 
c POSTURE NO. 3 ALL CROUCHING IN FOXHOLE L 24 
DATA (FS(3,J) ,J=i, 30 ) /3 0*0 . / , CFP(3,J> ,J =1 ,30)/30*Q»/, (FC (3,J) ,J=1, L 25 
130 ) /3 0*1. / L 26 
c L 27 
c * POSTURE NO. L : 1ST VOLLEY - .5/.5/0. ; ALL OTHERS - 0./1./0. L 28 
c L 29 
ON 
• ATA (FS (4 , J ) ,J=1 , 3 0 ) /. 5, 29*0 . /, (FP (4 ,J ) , J = l, 30 ) /. 5, 29*1,/, (FC (4, J L 30 
1) ,J=l,30)/3G*G. / L 31 
c L 32 
c * POSTURE NO, 5: 1ST VOLLEY - 0./.5/.5; ALL OTHERS - 0./0./1. L 33 
c L 34 
OA T A (FS(5,J) ,J=l,30 )/3G*0./, (FP(5,J) ,J=1,30 )/.5,29*0 ./,(FC(5,J),J L 35 
1 = 1,30)/,5 ,2 9*1./ L 36 
c L 37 
c * POSTURE NO. 6« 1ST VOLLEY - .5/.5/0.I ALL OTHERS - Q./O./l. L 38 
c L 39 
DATA (FS (6,J) ,J =1,30)/•5,2 9*0./,(FP(6,J),J = l,30)/» 5,29*0 ./, (FC(6,J L 40 
1) , J = l, 30 ) /0. , 29*1./ L Li 
c • L 42 
c * POSTURE NO. 7: ALL VOLLEYS - l./G./O. L 43 
OAT A (FS(7,J) ,J=1,30)/30*1 ./, (FP(7,J),J=1,30)/30*0./,(FC(7,J),J=1* L 44 
130)/3u*0./ L 45 
c L 46 
c POSTURE NO. 8 1ST VOLLEY- .5/,5/0 ALL OTHERS - 0/.35/.65 L 47 
OATA (FS(8,J) ,J=1,3 0)/•5,2 9*0./,(FP(8 fJ),J = l , 30)/.5, 29*.35/, (FC(8, L 48 
IJ),J=l,3Q)/0. ,29*.65/ L 49 
c L 50 
c POSTURE NO. 9 ALL VOLLEYS 0/.35/.65/ L 51 
DATA (FS(9,J) ,J =1 , 30 )/30 *0 ./, (FP(9,J),J=1,3G)/30 *.35 /, (FC(9,J),J = 1 L 52 
1,30)/3 0*.65/ L 53 
c L 54 
c POSTURE NO. 10 1ST VOLLEY- ,50/.5Q/0. ALL OTHERS - 0/.75/.25 L 55 
OATA (FS(10,J),J = l,3 0 ) / . 5 0,29*0./,(FP(10,J),J = l, 30)/.50 , 29*.75/, (F L 56 
1C(10,J),J=1,3G)/Q*,29*.25/ L 57 
c L 58 
1 = 1 L 59 
IF (IPOST (I) .NE.0) GO TO 100 
WRITE (6 , 2 4 5 ) 
ON 
ON 
DO 50 1=1,NVS 
50 WRITE (6,290) NN(I),SZ(I) 
GO TO 210 
100 DO 110 1=1,NVS 
110 ESS (I)=1.-SZ(I) L 62 
DO 150 L=l,NPOST L 65 
1 = 1 POST(L) L 66 
SS(l)=FS(I,l)*ESS(i) L 67 
SP(1)=FP(I,1)*ESP(1) L 68 
SC (1)=FC(1,1)*ESC(1) L 69 
ESV(1)=SS(1)+SP(1)+SC(1) L 70 
EGAS (L,1)=1 * - E S V (1) L 71 
J=l L 72 
DO 150 J=2,NVS L 73 
K = J-1 L 71+ 
IF (FS(I,K).NE.O.) GO TO 120 L 75 
V S ( J) = 0 . 0 
GO TO 125 
120 VS(J)=SS(K)*(FS(I,J)/FS (I ,K)) L 77 
125 T=FP(I,J)-FS(I,K)+FS(I,J) 
IF (T-LT.O.) GO TO 130 L 7 9 
IF (FP(I,K) .EQ.O.) VP (J)=SS(K)-VS (J) L 80 
IF (FP( I,K) .GT.G. ) VP (J)=SS (K) - VS (J) +SP (K)*T/FP(I,K) L 81 
GO TO 140 L 82 
130 VP(J)=SS(K)*FP(I,J)/FS(I,K) L 83 
140 VC(J)=ESV (K)-VP (J)-VS (J) L 84 
SS(J)=VS(J)*ESS(J)/ESS (K) L 85 
SP(J)=VP(J)*ESP(J)/ESP(K> L 86 
SC(J)=VC(J)*ESC(J)/ESC(K) L 87 
ESV (J) =SS (J) +SP ( J) •*• SC (J) L 88 
EC A S ( L,J)-1. -ES V(J) L 89 
150 CONTINUE L 90 
WRITE (6,240) L 91 
WRITE (6,250) (IPOST(J),J=1,NPOST) L 92 
160 DO 170 1=1,NVS L 93 
170 WRITE ( 6,290) NN( I),S7 (I) ,SZ(I),SZ(I) , (ECAS(J,I),J = 1,NPOST) L 94 
CASLEV=CASIN(1) L 95 
IF (CASLEV.EQ. 0.) GO TO 210 L 96 
OO 200 NCAS=1, NCASLEV L 97 
CASLEV = CASIN (NCAS) L 98 
WRITE ( 6,250) L 99 
DO 200 1=1,NPOST L 100 
DO 180 J=1,NVS L 101 
180 CAS(J)=£CAS(I, J ) L 102 
CN = N L 103 
IF (CASLEV.GT. CAS(NVS)) GO TO 220 L 104 
IF (CASLEV.LE.CAS(l) ) GO TO 230 L 105 
NO =3 L 106 
CALL DVD I NT ( CA SL E V, £NV, CAS, CNN , NVS , NO) L 1G7 
19 0 ENR=CN*ENV L 108 
WRITE ( 6,300) IPOST (I),ENR,CASLEV L 109 
200 CONTINUE L 110 
210 N U M = N U M U L 111 
WRITE ( 6,270) L 112 
RETURN L 113 
220 WRITE ( 6,280) IPOST(I),CA5LEV,NN(NVS) L 114 
GO TO 20 0 L 115 
230 ENV=CNN(1) L 116 
GO TO 190 L 117 
C L 118 
240 FORMAT (///7H VOL SZ,2X,6HSTA ND ,3X,5HPRONE,2X,6HCR0UCH,2X,17H PO L 119 
1STURE NUMBER) L 120 
FORMAT (///7H VOL SZ,2X,3HC0V) 




2 60 FORMAT M H O ) L 122 
270 FORMAT (1H1) L 123 
280 FORMAT (13H POSTURE NO , 14,2X,F4•2,25H CAN NOT BE ACHIEVED WITH,I L 124 
15,8H VOLLEYS) L 125 
290 FORMAT (15,13(2)' ,F7.5) ) L 126 
30 0 FORMAT (12H POSTURE NO , 15,5 X , F 10 . 5 , 3 5>H IS THE EXXECTEO NO OF ROS L 127 
IFOR THE ,F4,2,5X,6H LEVEL) L 128 
END L 129-
* DECK PP 
SUBROUTINE PP (>,J,SPXJ) M 1 
DIMENSION IPOST(IO) M 2 
DIMENSION. CAS (50 ) , CNN(5Q> M 3 
DIMENSION NN(50), A ( 5 4 ) , B ( 5 4 ) , SZ(50)» PZ(50), CZ(50) M 4 
COMMON /3L0CK1/ NN,N,NVS,SZ,PZ,CZ,SE12, SE 22,A Tl,A T2,LU3,LU4,Tl,T2, M 5 
1A1,A2,SU3,SU4,SSQ1,SSQ2,PSQ1,PSQ2,CSQ1* CSQ2,PI,PI2,SU1,SU2,A,B, Ul, M 6 
2U2,SE1,SE2,SRI,S R2,PR 1,PR 2,CR1,CR2,REL, SQR2,NPOST,IPOST,ETl,ET2,Wl M 7 
3,W2,ES1,ES2,SC45 ,PCu5,CC45, IFLAG,NB,CNN , TTT,CNB,U3,U4,WS1,WS2,CASL M 8 
4E V,CAS,RE LSU3,S1,S2,AJMX,BJM> ,TU1,TU2,S E3,SE4,NUM M 9 
SPxJ=0. M 10 
IF (J.EQ.2) CO TO 130 M 13 
SSQ7=7.*SSQl M 14 
IF (X.GT.SSQ7) GO TO 160 M 17 
SPX J=SRl/SSQl *EX/' (- (X /SSQl) * * 2 * .5) /SQR2 M 18 
GO TO 16 0 M 23 
130 SSU8 = 7. *SS'J2 " - M 24 
IF (X.GT,SSQ8) GO TO 160 M 27 
SPXJ=SR2/SSQ2*EXX(-(X/SSQ2)**2* ,5)/SQR2 M 28 
16 0 RETURN M 33 
END M 34-
C * * * / / / * * * / / / * * * / / / * * * / / / * * * / / / * * * / / / * * * / / / * * * / / / * * * / / / * * * / / / • * * / / / N 1 
c N 2 




FUNCTION SMG (X; ) • N 3 
PI=3.14159265 N 4 
PI2=PI»2.0 N 5 
SMG=Q.O N 6 
XX = - (XX*XX*U.5) N 7 
IF (XX.GT .40.0) GO TO iiO N 8 
A A A =EX X (XX ) N 9 
SMG=AAA/SQRT(PI2) N 10 
110 RETURN N 11 
END N 12-
0 1 
C 0 2 
•DECK ZlOu 
SUBROUTINE Z10G 0 3 
DIMENSION I POST (10) 0 4 
DIMENSION C A S ( E O ) , CNN(EO) 0 5 
DIMENSION NN(EG), A ( 5 u ) , B (34), SZ(5G), PZ(5 0 ) , CZ(50) 0 6 
COMMON /BLOCK 1/ NN,N,NVS ,SZ,PZ,CZ,SE12,SE22, A T 1, A T 2 , L U 3 , L U 4, T1, T 2 , 0 7 
1A1, A 2 , S U 3 , Si I * , S S Q 1, S S Q2 , P SQ1, P S Q2 , C S Ql, CS Q2, PI,PI2,SU1,SU2,A,8,U1, 0 8 
2U2,SEi,St 2,SRI,SR2,PR1,PRE,CR1,CR2,REL,SQR2, NPOST,I POST.ET1.ET2,Wl 0 9 
3,W2,ES1,£S2, SC4 5, PC- 5 , CC4E , IFL AG , NB , CNN , T TT , CNB,U3,U4,WS1,WS2,CASL 0 10 
-EV,CAS,RELSJJ,S1,S2,AJMX,BJMX,TUl,TU2,SE3,SE 4, NUM 0 11 
SC-5=RFL 0 12 
PC*5=REL 0 13 
CC4 5=REL 0 14 
SW1=SCIRT (W1»W2) 0 15 
SW2=SQRT(ET1•E T2) 0 16 
WSi=Wl/Si 0 17 
WS2=W2/S2 0 18 
ESl-ETl/Sl 0 19 
r S2-E T2/S2 0 20 
SW12 = SWi» SHI 0 21 
O 
SW22=SW2*SW2 0 22 
SWSW=SW22-SW12 0 23 
SSRR=RELSU3*SR1»SR2 0 24 
IF (Tl.EQ. . 0 0 00 0 0 01) GO TO 110 0 27 
GSE1 = ( AJMX+ETH-4.*Si J /TU1 0 2a 
GS£2=(3JMX+ET2+4,*S2)/TU2 0 29 
SE12=AMIN1(SE3,GSE1)*.5 0 30 
SE22=AMIN1(SE4,GSE2)* .5 0 31 
110 TEMP=SSRR*CNO/SWSN 0 32 
IF (TEMP.GT.40.0) GO TO 120 0 33 
SC 4 5 = REL * (1. - (E X >' (-TEMP) ) ) 0 34 
120 TEMP=PSRR»CNB/SWSW 0 75 
IF ( TEMP. GT.HO. 0) GO TO 130 0 36 
PC45=REL*(1»-(EXX(-TEMP))) 0 37 
130 Tfc'MP=CSRR*CNB/SWSW 0 38 
IF (TEMP.GT.4U.O) GO TO 140 0 39 
CC^5 = REL* (1 . - (EXX (-TEMP) ) ) 0 40 
CALL A5 G 0 41 
RETURN 0 42 
END 0 43-
c T T T / / / r t * / / / T T T / / / T T T / / / T T T / / / T T T / / / r * T / / / • * * / / / T T T / / / t * T / / / * T * / / / p 1 
c p 2 
•DECK ZI 13 
FUNCTION Z113 (SO) p 3 
I F (SO.LT.100.0) GO TO 110 p 4 
Z113=1.0/SO p c 
GO TO 13 0 p 6 
110 CONTINUE p 7 
IF (SO.LE..0G1) GO TO 12 0 p 8 
7.113= (1 .-EXX (-SO/2. )) /SO p 9 
GO TO 130 p 10 
120 Z113=.5-S0/3.+S0*»2/4tt. p 11 H 
H 
1 5 0 R E T U R N 
E N D 
c 
* D E C K E X X 
F U N C T I O N E X X ( Z Z ) 
I F ( Z Z . G T . - 2 5 . ) GO T O 1 1 0 
E X X = 0 . 
R E T U R N 
1 1 0 C O N T I N U E 
E X X = E X P ( Z Z ) 
R E T U R N 
E N D 
C 
• D E C K E V A L 
S U 3 R O U T I N E E V A L 
D I M E N S I O N I P O S T ( 1 0 ) 
D I M E N S I O N CAS (50), C N N ( 5 0 ) 
D I M E N S I O N O T Y P E (10) 
D I M E N S I O N N N ( 5 0 ) , A ( 5 4 ) , 3 ( 5 4 ) , S Z ( 5 Q ) , P Z ( 5 0 ) , CZ(5fl) 
D I M E N S I O N AAvS(lO), A A 4 ( 1 0 ) , T T L E ( 1 0 ) , S S K 1 0 ) , S S 2 ( 1 0 ) , T T K 1 0 ) , T 
1 1 2 ( 1 0 ) , A A L S(10) , A A L P ( I O ) , A A L C ( I O ) , R R A T S ( I O ) , RRATP(IO), R R A TC( 
2 1 0 ) , EETl(lO), E E T 2 ( 1 0 ) , W W K 1 0 ) , W W 2 ( 1 0 ) 
COMMON / 3 L 0 C K 1 / N N , N , N V S > S Z , P Z , C Z » S E 1 2 , S E 2 2 , A T I , A T 2 , L U 3 , L U 4 , T i , T 2 , 
1 A 1 , A 2 , S U 3 , S U 4 , S S Q l , S S Q 2 , P S Q l , P S Q 2 , C S Q l , C S Q 2 , P I , P I 2 , S U i , S U 2 , A , B , U l , 
2 U 2,S E 1 , S E 2 , S R I , S R 2 , P R 1 , P R 2 , C R 1 , C R ? , R E L , S Q R 2 , N P O S T , I P O S T , E T 1 , E T 2 , W l 
5 , W 2 , E S 1 , E S 2 , S C H - 5 , PC 4 5 , C C 4 5 , I F L AG , N 3 , C N N , T T T , C N B , U 3 , U ^ , W S 1 , W S 2 , C ASL 
H E V , C A S , R E L S J B , S i , S 2 , A J M X , 8 J M X , T Ul , T U 2 , S E 3 , S E 4 , N U M, A 3 , A4 , A S U 1 , B S U 2 , 
5 0 , F L D , F U D ,G S £ 1,G S E 2 , I G O L D , I N E W , L O , L L , U D , U L 
R E A L M P I R , M P I O , L L , L D 
A J M X = A 3 S ( S U l - A ( 1 ) ) 
0 / / / * * * / / / * * * / ^ 
3JMX=A8S(SJ2-9(1 ) ) 
IF(N.EQ.l) GOTO 20 
00 10 J=2,N 
ASU1=A3S(S'J1-A(J ) ) 
BSU2=A8S(SJ2-B(J) ) 
IF (ASUl.GT.AJMX) AJMX=ASU1 
IF (8SU2.GT.BJMX)BJMX=BSU2 
10 CONTINUE 
20 GSE1=( AJMX + 4 .*SSQ.l)/TU1 
GSE2=(3JMX+4.*SSQ2) /TIJ2 










DIMENSION CAS (50) « CNN(50) 
DIMENSION DTYPE(10) 
DIMENSION NN ( 5 0 ) , A ( 5 M , B ( 5 4 ) t S Z ( 5 0 ) , PZ(50), CZ(50) 
DIMENSION AA3(10), AA4(10), TILE ( 10 ) , SSl(lG), SS2(1G), T T K 1 0 ) , T 
1T2(1U), AALS(iO), AALP(IO), AALC(IO), RRATS(IO), RRATP(IO), RRATC( 
2 1 0 ) , E E T K l O ) , EET2(10), W W K 1 0 ) , WW2(10> 
COMMON /BLOCK!/ NN,N,NVS,SZ,PZ,CZ,SE12,SE22,ATi,AT2,LU3,LU4,Tl,T2, 
lAi, A2,SU3,SIU,SSG1, SSQ2,PSQ1,PSQ2,CSQ1, CS Q2, PI, PI 2 , S Ul, SU2 , A , B, Ul , 
2U2, SEi , SE2, SRI, SR2, PR1,PP2,CR1,CR?,REL, SQR2,NPOST,IPOST,ET1,ET2,W1 
3, W2, ES1,ES2, SC« + 5 , PC 4 5 , CC45 , IFL AG, NB , CNN,TTT,CNB,U3, lU ,WS1, WS2,CASL 
^ L V,CAS,RELSJB,Sl,S2,AJMX,BJMX,TU1,TU2 ,SE3 ,SE 4,NUM,A3,A4,ASU1,BSU2, 
5 D,FLD,FUD,GSEI,GSE2,I GOLD,INEW,LO,LL,UO,UL 
R E A L M P I R , M P I D , L L , L D 
G O T O ( 1 0 , 2 0 , 3 0 ) I G O L D 
1 0 U O = L L + ( , 6 1 8 * U L ) 
D = U D 
I G O L O = 2 • ; 
I N E W = 2 
R E T U R N 
2 0 L O = L L + ( « 6 1 8 * U D ) 
D = L D 
I G O L 0 = 3 
I N E W = 3 
R E T U R N 
3 0 I F ( F U O » G E . F L O ) G O T O 4 0 
U L = U D 
U O = L D 
L D = U L - U O + L L 
D = L D 
I N E W = % 
R E T U R N 
4 0 L L = L D 
L 0 = U D 
U O = U L - L D + L L 
D = U D 
I N E W = 2 
R F T U R N 
E N D 
C ***///***///***///***///*•*///***///* 
C 
• D E C K P A T A 
S U B R O U T I N E P A TA 
D I M E N S I O N I P O S T ( I O ) 
D I M E N S I O N C A S ( 5 0 ) , C N N ( 5 0 ) 
~N3 
DIMENSION OTYPE(10) 
DIMENSION NN(50), A (54), B(5u), SZ( f50), PZ(50), CZ(5 0) 
DIMENSION AA3(1G), A A M 1 0 ) , TTLE(IO), SSl(lO), SS2(10), T T K 1 0 ) , T 
1T2(1G), A A L S ( I O ) , AALP(IG), AALC(IO), RRATS(IO), RRATP(IO), RRATC( 
2 1 0 ) , EETl(lU), E E T 2 (10 ) , W W K 1 0 ) , WW2(1G) 
COMMON /BLOCK1/ NN,N,NVS,SZ,PZ,CZ,SE12,SE22,ATl,AT2,LU3,LU4,T1,T2, 
1Al,A2,SU3,SU4,SSQl,SSq2,PSUl,PSQ2,CSai,CSQ2,PI,PI2,SUl,SU2,A,B,Ul, 
2U2,SE1,SE2,SRI,SR2,PR1,PR2,CRl,CR2,REL,SQR2,NPOST,I POST,ET1,ET?,W1 
3 , W2 ,ES1,E S2, S C H 5 , PC'.5 ,CC4 5, IFL AG , N3 , CNN , T TT, CNB , U3 , U*t , WS1, WS2 , C ASL 
- E V , CAS, K E L S . J B ,S 1, S2, AJMX , B J MX , T Ul , T U 2 , S E3 , SE 4 , NU M , A 3 , A 4-, ASUl, 6SU2 , 
5 0, FLO,FUD,G3E1,GSE2,IGOLD,INEW,LO,LL,UD,UL 
R E A L MPIR,MPIO,LL ,LD 
C * PRINT HEADING FOR PATTERN NUMBER 1 
WRITE (6,10) 
10 FORMAT (1H1) 
WRITE (6,20) 
20 FORMAT ( /1 7 H PATTERN NUMBER 1) 
WRITE (o, SO ) 





*.Q GOTO (50 ,70 , 80 ,90 ) INFW 
50 00 60 1=1,5 
60 A(I)=0. 
LD = 0. 












9 0 FUD=FLD 
FLD=SZ<1) 
CALL GOLD 
GOTO 10 0 
10 0 3<i>=0*(-2.5) 
3(2)=0*(-1.5) 





WRITE (6,110) D,SZ(1) 
110 FORMAT (9X,Fb.l,7H METERS,13X,F7.5) 
IF (UD-LD.GT . 1.) GOTO 40 
C * PRINT HEADING FOR PATTERN NUMBER 2 
105 WRITE (6,10) 
WRITE (6,120) 





140 GOTO(150,170,180,190) INEW 




















GOTO 20 0 
200 A(1)=0*(-2.E) 
A(2)=0*(-l«5) 
A ( 3 ) = D M - - 5 ) 




WRITE (6,110) 0,SZ(1) 
IF (UO-LD.GT . 1.) GOTO 140 





C * * * / / / * * * / / / * * * / / / * * * / / / * * * / / / * * * / / / * * * / / / * * * / / / • * * / / / * * * / / / * * * / / / 
* DECK PA T 3 
SUBROUTINE PA TO 
DIMENSION IPOST(IO) 
DIMENSION CAS (30) , CNN(50) 
DIMENSION 0 TYPE (10) 
DIMENSION NN(50), A ( 5 4 ) , B ( 5 4 ) , SZ(50), PZ(50), CZ(50) 
DIMENSION AA3(10), AA4(10), TTLE(IO), SSl(lO), SS2(10), TTl(lQ), T 
1T2(10), AALS(IO), AALP(IO), AALC(IO), RRATS(IO), RRATP(IO), RRATC( 
2l0)i E t T K l O ) . EET2 ( 1 0 ) , W W K I U ) , WW2(10) 
COMMON /BLOCK1/ NN,N,NVS,SZ,PZ,CZ ,SE12,SE22,AT1,AT2,LU3,LU4,Tl,T2, 
1A1, A2,SUJ,SU4,SSQ1, SSQ2,PSQ1,PSQ2 ,CSQ1,CSQ2, PI, P12 , SU1, SU2 , A , B, Ul, 
2U2,SEi,SE 2,SRI,SR2,PR 1,PR2,CR1,CR2» REL » 3QR2,NPOST,I POST,ET1,ET2,Wl 
3,W2,ESl,ES2,SC-5, PC 45, CC 4 5, IFLAG, N3 , CNN , T TT, CN3 , U3 , U4 , WS 1, WS2 , C ASL 
4EV,CAS,RELSU3,31,S2,AJMX,3JMX,FUi , TU2,SE3,SE4,NUM,A3,A4,ASUl,BSU2, 
5D,FLD,FUO,GSE1,GSE 2,I GOLD ,INE W,LO,LL,UO,UL 
REAL MPIR,MPID,LL,LD 
C * EVALUATE FOR LAZY W HORIZONTAL 
GOTO 3 
5 WRITE (6,7) 
7 FORMAT ( / / 5 X , 5 H E R R 0 R ) 
RETURN 
8 WRITE (6,10) 











WRITE (6,12) SZ(1) 
12 FORMAT (//5X,34H EXPECTED COVERAGE FOR "LAZY W" :,F10.5) 
C * PRINT HEADING FOR BCS HORIZONTAL 
WRITE (6,15) 
15 FORMAT (/15H BCS HORIZONTAL) 
WRITE (6,30) 
30 FORMAT (//4X,9H D(RANGE) ,15H 0(DEFLECT ION),19H EXPECTED COVERAGE 
1) 
C * EVALUATE BCS HORIZONTAL AND ESTABLISH START POINT FOR PAT 3 
3 (2) =3 (5) =0 . 





3 ( 1 ) = 3 ( 4 ) = - D 2 
3(3)=B(6)=D2 
CALL EVAL 
WRITE (6,110) D1,D2,SZ(1) 
110 FORMAT (4X,F6 01,6:<,F6.1,12X,F7.5) 
C * EVALUATE FOR PATTERN NUMBER 3 
WRITE (6,32) 
32 FORMAT (//17H PATTERN NUMBER 3) 
WRITE (6,30) 
I PAT = 3 
C * 00 LINE SEARCH ON 02 
35 FLO = G . 
F110 = 0 . 
INEW=1 




50 LD = G » 




D 2 -= D 
GOTO (5,5,15 0,4 3 0,4 70 ,5 20 )I PAT 
6 0 FLD=FUO 
FIJD = SZ(1) 
CALL GOLD 
02 = 0 
GOTO (5 ,5 ,150 ,4-30,470,520 ) I PA T 
70 FLD=SZ(1) 
CALL GOLD 
0 2 = 0 







8 (3 ) =8 (b) =02 
CALL EVAL 
WRITE (c,1i 0) 0i,02,SZ(l) 
IF (UO-LO.GT.1.) GOTO 4 0 
C * 00 LINE SEARCH ON Dl 
235 F L D = 0. 
FUD=0. 
IN E W = 1 
240 GOTO (250 , 260 , 27 0 , 280 » INEW 
2 5 0 L D = I) 4 
LL = G . 
H oo o 
U L = A3 
IG0LD=1 
CALL GOLD 




[ CALL GOLD 




D1 = D 






300 A (1) = A ( 2 ) = A ( 3 ) = , 5 * D1 AU)=A(5)=A(6)=-.5*Dl 
CALL EV AL 
WRITE (6,110) 01,02,SZ(1) 
IF (UO-LD.GT.1.) GOTO 240 
IF (ABS(QOl-Ui) . L E•1. ) GOTO 310 
301=01 
GOTO 35 
C * EVALUATE FOR PATTERN NUMBER ' 
310 LIM = 0 
WRITE (6,10) 
WRITE (6,320) 
32 0 FORMAT (//i?H PATTERN NUMBER 4 ) ^ 
oo 
WRITE (6,325) 
325 FORMAT (//4X,9H D(RANGE),15H 0(DEFLECT ION) , 11H T) (CENTER) , 19H EX 
1 PEC TED COVERAGE) 
IPAT=4 
803=01 
C * DO LINE SEARCH ON 03 





LL = G. 
UL = A3 
IGOLD=l 
CALL GOLD 
03 = 0 
GOTO (5,5,5,4G0,5,540)IPAT 
360 F L D = F U 0 
FUO=SZ(1) 
CALL GOLD 
0 3 = 0 
GOTO (5,5,5,400,5,540)I PA T 
3 70 FLD=SZ(1) 
CALL GOLD 
• 3 = 0 
GOTO (5,5,5,400,5,540)IPAT 
380 F U D = F L 0 
FLO=SZ(l) 
CALL GOLD 
03 = 0 
GOTO (5,5,5,400,5,5-40) IPAT 




A (5 ) = - . 5 * D 3 
CALL EVAL 
WRITE (6,^10) Dl,D2,D3,SZ (1) 
410 FORMAT (4>- ,Fo. 1,6>: ,F6.1,7X ,F6.1, 12X ,F7. 5) 
LIM=LIM+1 
IF (LIM.GE,100) GOTO 450 
IF (UD-LG.GT.1.)GOTO 340 
IF (A BS(B 03-D 3) .L E•1•) GOTO 450 
303=03 
GOTO 235 
420 A(1)= A(3)=.5*D1 
A(4)=A(6)=-.5*Dl 
CALL EVAL 
WRITE (6,^10) DI,02,D3,SZ (1) 
LIM=LIM+i 
IF(LIM.GE.IOO) GOTO 450 
IF (UO-LO.GT.1.) GOTO 240 
GOTO 35 
43 0 0 (1) =3 ( 4 ) =-02 
3.(3) =3 (6) =02 
CALL EVAL 
WRITE (c,4l0) 01 , 02, 03,SZ (1) 
LIM=LIM+1 
IF (LIM,GE.100) GOTO 450 
IF (UD-LO.GT.l.) GOTO 40 
GOTO 335 
C * EVALUATE FOR PATTERN NUMBER 5 
450 WRITE (6,10) 
WRITE (6,460) 
460 FORMAT l/l'/H PATTERN NUMBER 5) 
WRITE (6,30) 
IPAT =5 |_i 
oo 
3Di=A3/2. 
A(1) =A (2)=A(3)=A3/4. 
A(4)=A(5)=A(b) = -A 3/4 









WRITE (6,110) 01,02,SZ(1) 
IF (UO-LD.GT.l.) GOTO 40 
* 00 LINE SEARCH ON 01 
GOTO 235 
A ( 1 ) = A ( 2 ) = A ( 3 ) 5 * 0 1 
A(4)=A(5)=A(6)=-,5*01 
CALL EVAL 
WRITE (6,110) 01,D2,SZ(1) . 
IF (UO-LD. GT•1.) GOTO 240 
IF (ABS(BDl-Dl).LE.l.) GOTO 500 
301=01 
* EVALUATE FOR PATTERN NUMBER 
I PAT=6 
L I M = 0 






FORMAT <//17H PATTERN NUM3ER 
WRITE (b,325) 
CALL EVAL 
WRITE (6,410) 0 1 , 0 2 ,03,SZ (1) 
LIM=LIM+1 
IF (LIM.GE.iaO) GOTO 550 







WRITE (6,410) 01,02,D3,SZ (1) 
LIM=LIM+1 
IF (LIM.GE.lOO) GOTO 550 
IF (UO-LO.GT.l,) GOTO 40 
* 00 LINE SEARCH ON 01 
GOTO 2 35 
A ( 1 )=A(3)=.5*01 
A ( 4 ) = A(6)=-.5*01 
CALL EVAL 
WRITE (6,410) 01,02,D3,SZ (1) 
LIM=LIM+1 
IF (LIM.GE.100) GOTO 550 
IF (UD-LO.GT.l.) GOTO 240 
* 00 LINE' SEARCH ON 03 
GOTO 33 5 
3 ( 2 )=-,5*03 
3(5)=.5*0 3 
CALL EVAL 
WRIT £ (6,410) 01,02,03,SZ (1) 
LIM = L I M U 
IF (LIM.GE.100) GOTO 550 
IF (UD-LD.GT.1.) GOTO 340 
IF ( A 8 S (3 D 3 - 0 3) . L E • 1 • ) GOTO 550 
303=03 
GOTO 35 











DIMENSION C A S ( 5 0 ) , CNN(50) 
DIMENSION 0TYPE (10) 
DIMENSION NN(50), A ( 5 4 ) , 8(54), S Z ( 5 0 ) , PZ(50), CZ(5Q) 
DIMENSION A A 3 ( 1 G ) , AA4(10), T TLE(10) , SSI(10), SS2(10), TTi(lO), T 
1T2(10), AALS(IO), AALP(IO), AALC(IO), RRATS(IO), RRATP(iO), RRATC( 
2 1 0 ) , E E T K l u ) , EET2(10), WWl'(lO), WW2(i0) 
COMMON /BLOCK1/ NN,N,NVS,SZ,PZ,CZ,SE12,SE 22 , AT 1, A T2 , LU3, LU4, T 1, T 2 , 







5 WRITE (6,7) 
7 FORMAT (//5X,5HERROR) 
RETURN 
C * PRINT HEADING FOR BCS VERTICAL 
10 FORMAT (1H1) ' 
12 WRITE (6,15) 
15 FORMAT (/13H BCS VERTICAL) 
WRITE (6,30) 
30 FORMAT (//4X,'3H D(OEF) ,15H O(RANGE) ,19H EXPECTED COVERAGE 
1) 
C * EVALUATE BCS VERTICAL AND ESTABLISH START POINT FOR PAT3 
A(2)=A(5)=0. 






A (3) =A (6) =1)2 
CALL EVAL 
WRITE (6,110) 01,02,SZ(1) 
110 FORMAT («+>: ,F6.1,6>',Fb .1,12X ,F7.5) 
C * EVALUATE FOR PATTERN NUMBER 7 
WRITE (c,32) 
32 FORMAT C//17H PATTERN NUMBER 7) 
WRITE (6,30) 
I PAT=3 




tO GOTO (5 0 ,6 0 ,70,80) INEW H 
oo 
-N3 
5 0 L O = O . 
L L = 0 . 
U L = A 3 / 2 . 
I G O L O = l 
C A L L G O L D 
D 2 = D 
G O T O ( 5 , 5 , 1 5 0 , 4 3 0 , 4 7 0 , 5 2 0 ) I P A T 
6 0 F L D = F U D 
F U D = S Z ( 1 ) 
C A L L G O L D 
0 2 = 0 
G O T O ( 5 , 5 , 1 5 0 , 4 3 0 , 4 7 0 , 5 2 0 > I P A T 
7 0 F L D = S Z ( 1 ) 
C A L L G O L D 
0 2 = 0 
G O T O ( 5 , 5 , 1 5 0 , 4 3 0 , 4 7 0 , 5 2 0 ) I P A T 
8 0 F U D = F L D 
F L D = S Z ( 1 ) 
C A L L G O L D 
0 2 = 0 
G O T O ( 5 , 5 , 1 5 0 , 4 3 0 , 4 7 0 , 5 2 0 ) I P A T 
1 5 0 A ( 1 ) = A ( 4 ) = - 0 2 
A ( 3 ) = A ( 6 ) = D 2 
C A L L E V A L 
W R I T E ( 6 , 1 1 0 ) 0 1 , 0 2 , S Z ( 1 ) 
I F ( U O - L D , G T . 1 . ) G O T O 4 0 
C * D O L I N E S E A R C H O N D I 
2 3 5 F L O = 0 , 
F U D = 0 . 
I N E W = 1 
2 4 0 G O 1 0 ( 2 5 0 , 2 6 0 , 2 7 0 , 2 8 0 ) I N E W 
2 5 0 L O = 0 . 
oo 
0 0 
LL = G. 




GOTO (5,5,300,^20,480,530)1 PAT 
260 FL D = FUD 
FUO=SZ(1) 
CALL GOLD 




01 = 0 
GOTO (5,5, 30 0 ,42 0,480 ,5 30 )I PAT 
2 80 F0 0=FLO 
FLD=SZ(1) ' • 
CALL GOLO 
Di = D 
GOTO (5, 5 ,30 0 ,42 0, 480., 530 ) IPAT 
300 3(1)=3(2)=3(3)=.5*01 
3 ( 4 ) = B ( 5 ) = 3 ( 6 ) = - . 6 * 0 1 
CALL EVAL 
WRITE (6,110) Di,D2,SZ(i) 
IF (UO-LD.GT.1.) GOTO 2^0 
IF (AOS(301-01) .LE.1. ) GOTO 310 
901=01 
GOTO 35 
C * EVALUATE FOR PATTERN NUMBER 8 
310 LIM = 0̂  
WRITE (6,10) 
WRITE (6,320) H 
oo 
320 FORMAT (//17H PATTERN NUMBER 8) 
WRITE (6,325) . 
325 FORMAT (//4X.9H O(DEF) ,15H 0(RANGE) ,11H D(CENTER) 
iPECTEO COVERAGE) 
IPAT = 4 
303=01 




34 0 GO 10(350,360,370 ,38(1) INEW 
350 LO=0, 
LL = 0 . 
UL = A4 
IGOLO=l 
CALL GOLD 
03 = 0 
GOTO (5,5,5,400,5,540)IPAT 
360 FLO=FUO 
FUD = SZ (1) 
CALL GOLD 




03 = 1) 
GOTO (5,5,5,400,5,540)IPAT 
3 80 FUD=FL0 
FLD=SZ(1) 
CALL GOLO 03 = 0 
GOTO (5,5,5,400,5,540)IPAT 
400 13 (2)=.5*0 3 
3 (5 )=-.5*03 
CALL EVAL 
WRITE ( 6.-10 ) 01,02,03,SZ (1) 
LIM=LIM+1 
IF (LIM.GE.100) GOTO 450 
410 FORMAT Ux , F 5. 1, 6/ , F6 .1, 7X , F6 .1, 12X , F7. 5) 
IF (UO-LD .GT.i,)GOTO 340 
IF (ABS (1303-03) . LE. 1. ) GOTO 450 
3 03=D3 
GOTO 235 
42 0 8 (1)=8 (3)= . 5*01 
B(4)=3(6)=-.5*01 
CALL EVAL 
WRITE (6,410) 01,02,D3,SZ (1) 
•LIM=LIM*1 
IF (LIM.GE.100) GOTO 450 
IF (UD-LO.GT,1. ) GOTO 240 
GOTO 35 
430 A (• 1) = A (- ) = - 0 2 
A(3)=A(6)=02 
CALL EVAL 
WRITE (6,410) 01 ,02,03,SZ (1) 
LIM=LIM+1 
IF (LIM.GE.100) GOTO 450 
IF (UO-LD.GT.1.) GOTO 40 
GOTO 33 5 
C * EVALUATE FOR PATTERN NUMBER 9 
450 WRITE (6,10) 
WRITE (6,460) 
460 FORMAT (/17H PATTERN NUMBER 9) 





3(1) =3(2) =3 ( 3 ) =A4/4. 
8(4)=3(~)=3(o)=-A4/4 
C * DO LINE SEARCH ON D2 
GOTO 3 5 







WRITE (6,110) Di,D2,SZ(l) 
IF (U0-L0.GTV1,) GOTO 40 
C * DO LINE SEARCH ON 01 
GOTO 2 35 
480 B(1)=8(2)=3(3)=,5*01 
3(4)=3 1 5 )=3(6)=-.5*01 
CALL EVAL 
WRITE (6,110) Di,D2,SZ(l) 
IF (UO-LD.GT.1.) GOTO 240 
IF (ASS(301-01).LE.1.) GOTO 500 
301=01 









510 FORMAT C//19H PATTERN NUMBER 10) 
WRITE (6,325) 
CALL EVAL 
WRITE (6,410) 01,02,03,SZ (1) 
C * DO LINE SEARCH ON 02 
GOTO 35 





WRITE (6,410 ) 01 ,02,03,SZ (1) 
LIM=LIM+1 
IF (LIM.GE,100) GOTO 550 
IF (UD-LO.GT,1.) GOTO 40 
C * 00 LINE SEARCH ON 01 
GOTO 235 
530 B (1 ) =8 ( 3) =. 5*01 
B ( 4 ) = 3 ( 6 ) = - . 5 * 0 1 
CALL EVAL 
WRITE (6,410) 01,02,03,SZ(1) 
LIM = L I M H 
IF (LIM.GE.100) GOTO 550 
IF (UO-LD.GT.1.) GOTO 240 





WRITE (6,410) D1,02,D3,SZ (1) 
LIM=LIM+1 H 
IF (LIM.GE.100) GOTO 550 
IF (UO-LD.GT.1,) GOTO 3^0 
IF (AOS(303-D3) .LE.l. ) GOTO 550 
3 03 = 0 5 
GOTO 3,5 










SUBROUTINE PA TO 
DIMENSION IPOST(IO) 
DIMENSION CAS(50), CNN(50) 
DIMENSION 0TYPE(10) 
DIMENSION NN(50), A ( 5 C ) , B(5V), SZ(50), PZ(50), CZ(50) 
DIMENSION AA3(1U), A A 4 (10 ) , TTLE(IO), SSI (10), SS2(lfl), T T K I O ) , T 
1T2(1G), AALS(IO), AALP(IO), AALC(IO), RRATS(IO), RRATP(IO), RRATC( 
2 1 0 ) , EETl(lO), E E T2 (1 fl ) , W W K l O ) , WW2(10) 
COMMON /BL0CK1/ NN,N,NVS,SZ,PZ,CZ,SE12,SE 22,AT1,AT2,LU3,LU4,Tl,T2, 
1 Al,A 2,SU3,SU4,SS Ql,SSQ2,PSQ1,PSQ2,C SQ1,CS Q2, PI,PI?,SU1,SU2,A,B,Ul, 
2U2,3E1, SE 2 , SR1, SR2 , PR 1, PR 2 » CR 1, CR 2» R EL ,SQR2,NPOST,IPOST,ET1,ET2,W1 
3,W2,ES1,ES2,SC45,PC45,CC45, IFLAG,NB,CNN,T TT, CNB,U3,U4,WS1,WS2,CASL 
- E V , C AS , RE L S J 3 , S1, S2 , AJMX, B JMX ,TU1,TU2,S£3 ,SE4»NUM,A3,A«*,ASU1,8SU2, 
50,FLO,FUD,GSE1,GSE2,1 GOLD,INEW,LO,LL,UD,UL 
REAL MPIR,MP10,LL,L 0 
GOTO 8 
5 WRITE (b,7) 
vO 
4 = " 
7 FORMAT ( / / 5 X , 5 H E R R 0 R) 
RETURN 
C * PRINT HEADING FOR PATTERN NUMBER 1 
8 WRITE (6,10) 
10 FORMAT (1H1) 
WRITE (6,20) 
20 FORMAT (/17H PATTERN NUMBER 1) 
WRITE (6,30) 
30 FORMAT (//V. ,2^H DISTANCE BETWEEN ROUNDS, 3X, 18H EXPECTED COVERAGE/ 
1) 
F L O = 0 • ' 
FUD=0„ 
INEW=1 
40 GOTO (50,70,80,90 ) INEW 
50 OO bO 1=1,6 ' ) 
60 A(I)=0 . 
L D = 0 « 











GOTO 10 0 












WRITE (6,110) D,SZ(1) 
110 FORMAT (9X,F6.1,7H METERS , 1-3X , F7 . 5) 
IF (UQ-LD.GT .1.) GOTO 40 
C * PRINT HEADING FOR PATTERN NUMBER 2 
105 WRITE (6,10) 
WRITE (6.120) 





140 GOTO(150,170,180,100) INEW 
150 DO 160 1=1,6 
16 0 B(I)=0. 
LD = 0. 





170 FLl) = FUO 







GOTO 200 190 FUD=FLO FLD=SZ(i) CALL GOLD GOTO 200 200 A(1)=D*(-1.5) A(2)=0* (-.5) A(3)=0*.5 
A(4)=0*1,5 CALL EVAL WRITE (6,110) 0,SZ(1) IF (UD-LO.GT.1,) GOTO 140 C * PRINT HEADING FOR BCS WRITE (b,31;) 315 FORMAT (/12H BCS PATTERN) WRITE (6,330) 330 FORMAT (//-•,9H D(RANGE),15H 0(DEFLECTION),19H EXPECTED COVERAGE 1) C * EVALUATE BCS ANO ESTABLISH START POINT FOR PAT3 Dl=A3/2. D2=AH/2, 
3 01=01 A (1) = A ( 2) . 5 * D1 A (3) = A (4 ) 5*01 3(1) -B(3)= -. 5*02 3(2)=B(4)=,5*02 CALL EVAL WRITE (o, -̂10 ) D1,02,SZ(1) 410 FORMAT (4 >,, F 6 . 1, 6 V , F 6 . 1,12 X , F 7 . 5) C * EVALUATE FOR PATTERN NUMBER 3 WRITE (6,3 32) 332 FORMAT (//1?H PATTERN NUMBER 3) H 
WRITE (6,330) 
IPAT=3 
C * DO LINE SEARCH ON 02 
33 5 FLO=0. 
FUD=0„ 
INEW=1 
340 GOTO(350 , 360 , 370 , 380) INEW 
350 LD = 0. 
LL = 0. 
UL = A4 
IG 0 L D = 1 
CALL GOLD 
02 = 0 








02 = 0 




02 = 0 
GOTO (5,5,450,770)IPAT 
45U 3(1)=3(3)=-,5*02 
3 ( 2 ) = 3 ( 4 ) = . 5 * 0 2 
CALL EVAL 
WRITE ( 6,410) 01,02,SZ(1) 
0 0 
IF (UD-LO.GT.i.) GOTO 340 
C * DO LINE. SEARCH ON Dl — -
536 FLQ=0, 
FUD=0. 
IN E W = I 
540 GOTO(550,560,570,580)INEW 
550 LD = 0. 
LL = 0 . 





56 0 F/LD = FUD 
FUD = SZ (1) 
CALL GOLD 
01 = 0 
GOTO (5,5,60 0,7 80)IPAT 
570 FLD=SZ(I) 
CALL GOLD 
01 = n 
GOTO (5,5,600,780)IPAT 
5 80 F1 0 = F L D 
FLD=SZ(1) 
CALL GOLD 
0.1 = 0 




WRITE (6.L10) 01,02,SZ(1) I 




IF (ABS(301-D1).LE.l.) GOTO 750 
301=Dl , 
GOTO 335 
C * EVALUATE FOR PATTERN NUMBER 4 
750 WRITE (6,10) 
WRITE (6,760) 
760 FORMAT (/17H PATTERN NUMBER 4) 
WRITE (6,330) 
I P A T = 4 
301=A3/2. 
A (1) =A (3) =0. 
A ( 2 ) = A 3 / 4 . 
A (it) =-A3/ 4 . 
C * OO LINE SEARCH ON 02 
GOTO 33 5 
770 B(i)=-.5*02 
B (2). = 8 (4) =0 . 
3(3)=,5*02 
CALL EVAL 
WRITE (6,^10) 01,D2,SZ(1) 
IF (UO-LQ.GT.1,) GOTO 340 




CALL EVAL ' 
WRITE (6>,410) Oi,02,SZ(l) 
IF (UD-LO, GT • 1,') GOTO 540 
IF ( A3S(801-01) .LE . 1, ) GOTO 800 
3 01=01 
GOTO 33 5 









DIMENSION C A S ( E O ) , CNN(50) 
DIMENSION OTYPE(10) 
DIMENSION N N ( 5 0 ) , A ( 5 4 ) , 8(54), S Z ( 5 0 ) f P Z ( 5 0 ) , CZ ( 5 0 ) 
DIMENSION AA3(10V, AA4 (10 ) , TILE (10 ) , S S I (10 ) , SS2(1G), T T K 1 Q ) , T 
1T2(10), A A L S ( I O ) , A A L P ( I O ) , AALC(IG), RRATS(IO), RRATP(IO), RRA TC( 
2 1 0 ) , E E T K 1 0 ) , E E T 2 ( 1 0 ) , W W K 1 0 ) , WW2(10) 
COMMON /BLOCK1/ NN,N,NVS,SZ,PZ,CZ,SEl 2,SE22,ATI,AT2,LU3,LU4,Tl,T2, 
1 Al, A 2 , S U 3 , S U < T , S S Q 1 , SSQ2, PSQ1, PS 02 , C SQl, CS Q2, PI,PI2,SU1,SU2,A,B,U1, 
2U2,SE1,SE2,SRI,SR2,PR1,PR2,CR1,CR2,REL » SQR2, NPOST,IPOST,£T1,ET2,W1 
3,W2,ES1,ES2,SC4 5,PC4 5,CC4 5, IFLAG,NB,CNN»TTT,CN3,U3,U4,WSi,WS2,CASL 
*EV, CAS,RELSU3,Si,S2,AJMX,BJMX,TU1,TU2,SE3 , SE4,NUM,A3,A4,ASU1,BSU2, 
50,FLO,FUO,GSEl,GSE2,I GOLO , I NE W , L 0 , L L , U D , U L 
REAL MPIR,MPID,LL ,L0 
WRITE (6,10) 
* PRINT HEADING FOR BCS HORIZONTAL 
WRITE (6,15) 





B ( 2 ) = A 4 / 4 « 
CALL EVAL 
WRITE (6,110) 0,SZ(1) 
C * PRINT HEADING FOR BCS VERTICAL 
WRITE (6,10) 
12 WRITE (6,14) 
14 FORMAT (/13H BCS VERTICAL) 
WRITE (6,30) 
0=A3/2. 
A ( 1 ) = A 3 / 4 . 
A ( 2 ) = - A 3 / 4 . 
3(l)=3(2)=iK 
CALL EVAL 
WRITE (6,110) 0,SZ(1) 
C * PRINT HEADING FOR PATTERN NUMBER 1 
WRITE (6,10) 
10 FORMAT (1H1) 
WRITE (6,20) 
20 FORMAT (/17H PATTERN NUMBER 1) 
WRITE (6,30) 





40 GOTO( 50,70,80,90) I NEW 
50 OO 6 0 1=1,2 
60 A(I)=U. ' 
LD = 0. 





ro O ro 
FL D = FUO 
FUD=SZ(1) 
CALL GOLD 




FUD = FL 0 





CALL EVAL ̂  
WRITE (6,110) 0,SZ(1) 
FORMAT (9X,F6.1,7H METERS , 13X , F7 . 5 ) 
IF (UD-LD,GT,1.) GOTO 40 
* PRINT HEADING FOR PATTERN NUMBER 
WRITE (6,10) 
WRITE (6,120) 
FORMAT (/17H PATTERN NUMBER 2) 
WRITE (6,30) 
FLD = 0 . 
FUD = U . 
IN E W = 1 
GOTO(150,170,180,19 0) INEW 
OO ibO 1=1,2 
O(I)=0, 
L O = U . 















GOTO 20 0 
200 A ( l ) = D M - , 5 ) 
A(2)=D*.5 
CALL EVAL 
WRITE (6, 110), D,SZ(i) 
IF (UD-LO.GT,l.) GOTO 140 
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